THE APRIL MEETING IN NEW YORK. 


THE APRIL MEETING OF THE AMERICAN MATHE- 
MATICAL SOCIETY IN NEW YORK. 


THE one hundred and seventy-seventh regular meeting of 
the Society was held in New York City on Saturday, April 24, 
1915, the following seventy-one members being in attendance 
at the two sessions: 

Mr. J. W. Alexander, II, Professor M. J. Babb, Dr. Ida 
Barney, Dr. F. W. Beal, Dr. R. D. Beetle, Professor Susan R. 
Benedict, Mr. A. A. Bennett, Professor E. G. Bill, Professor 
G. D. Birkhoff, Professor Maxime Bécher, Professor Joseph 
Bowden, Professor E. W. Brown, Dr. T. H. Brown, Professor 
A. B. Coble, Dr. Emily Coddington, Professor F. N. Cole, 
Dr. G. M. Conwell, Professor J. L. Coolidge, Professor 
Elizabeth B. Cowley, Dr. Louise D. Cummings, Dr. H. B. 
Curtis, Mrs. E. B. Davis, Professor L. P. Eisenhart, Professor 
H. B. Evans, Professor F. C. Ferry, Professor H. B. Fine, 
Dr. C. A. Fischer, Professor T. S. Fiske, Professor W. B. Fite, 
Professor A. S. Gale, Professor O. E. Glenn, Dr. G. M. Green, 
Professor C. C. Grove, Professor H. E. Hawkes, Professor 
E. V. Huntington, Dr. Dunham Jackson, Mr. S. A. Joffe, 
Professor Edward Kasner, Dr. L. M. Kells, Professor C. J. 
Keyser, Dr. E. A. T. Kircher, Professor W. R. Longley, 
Professor James Maclay, Dr. E. J. Miles, Professor H. H. 
Mitchell, Professor E. H. Moore, Dr. R. L. Moore, Mr. G. W. 
Mullins, Professor W. F. Osgood, Dr. Alexander Pell, Pro- 
fessor Anna J. Pell, Dr. G. A. Pfeiffer, Professor A. D. Pitcher, 
Dr. H. W. Reddick, Professor R. G. D. Richardson, Dr. R. B. 
Robbins, Professor W. H. Roever, Professor J. E. Rowe, Dr. 
Caroline E. Seely, Professor H. E. Slaught, Professor Clara E. 
Smith, Professor H. F. Stecker, Professor H. D. Thompson, 
Mr. H. S. Vandiver, Mr. C. E. Van Orstrand, Professor 
Oswald Veblen, Mr. R. A. Wetzel, Professor H. S. White, 
Miss E. C. Williams, Professor Ruth G. Wood, Professor 
J. W. Young. 

Owing to the large amount of business to be transacted, 
the Council met on the evening of April 23, as well as on the 
following morning. President E. W. Brown occupied the 
chair at the Council meeting, being relieved at the sessions of 
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the Society by Ex-Presidents Osgood, Moore, and White, 
and Vice-President Veblen. The Council announced the 
election of the following persons to membership in the Society: 
Professor L. S. Hill, University of Montana; Miss G. I. 
McCain, Indiana University; Mr. J. F. Riley, Rice Institute. 
Eleven applications for membership in the Society were re- 
ceived. Professor P. F. Smith was reelected a member of 
the Editorial Committee of the Transactions, to serve for 
the three years beginning October 1, 1915. 

The invitation of the Division of Mathematics of Harvard 
University to hold the summer meeting and colloquium of the 
Society at Harvard University in 1916 was accepted. A 
committee, consisting of Professors Osgood, Bécher, Moore, 
White and the Secretary, was appointed to make the arrange- 
ments for this meeting. A committee was also appointed to 
prepare a list of nominations for officers and other members 
of the Council to be elected at the annual meeting. It was 
decided to hold the annual meeting this year in New York at 
such time as not to interfere with the meeting of the Chicago 
Section at Columbus in affiliation with the American associa- 
tion for the advancement of science. 

Reports of committees were received concerning the proper 
attitude of the Society toward the movement against mathe- 
matics in the schools and the possible relations of the Society 
to the field now covered by the American Mathematical 
Monthly. In the former matter it was held to be inadvisable 
for the Society to take any action at the present time. Re- 
garding the relations of the Society to the Monthly, the sense 
of the Council was embodied in the following resolution: 

“Tt is deemed unwise for the American Mathematical 
Society to enter into the activities of the special field now 
covered by the American Mathematical Monthly; but the 
Council desires to express its realization of the importance of 
the work in this field and its value to mathematical science, 
and to say that should an organization be formed to deal 
specifically with this work, the Society would entertain 
toward such an organization only feelings of hearty good will 
and encouragement.” 

In the interval between the sessions the members took 
luncheon together. Thirty-seven members gathered in the 
evening for an enjoyable dinner at the Terrace Garden. 


The following papers were read at this meeting: 
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(1) Professor C. J. DE LA VALLEE Poussin: “ Démonstra- 
tion simplifiée d’un théoréme de Vitali sur le passage 4 la 
limite sous le signe d’intégration.” 

(2) Dr. C. A. Fiscner: “Minima of double integrals with 
respect to one-sided variations.” 

(3) Dr. G. M. Green: “Nets of space curves.” 

(4) Dr. R. L. Moore: “A set of axioms in terms of point, 
region, and motion.” 

(5) Dr. R. L. Moore: “On the categoricity of a set of 
postulates.” 

(6) Mr. H. S. Vanpiver: “A property of cyclotomic 
integers and its relation to Fermat’s last theorem. Second 

r.”’ 
(7) Mr. J. F. Rirr: “The reduction of invariant equations.” 

(8) Professor E. B. Witson: “Linear momentum, kinetic 
energy, and angular momentum.” 

(9) Professor F. H. Sarrorp: “An irrational transforma- 
tion of the Weierstrass ?-function curves.” 

(10) Professor ARNOLD Emcu: “A certain class of functions 
connected with Fuchsian groups.” 

(11) Professor G. D. Brrxuorr: “An elementary double 
inequality for the roots of an algebraic equation having greatest 
absolute value.” 

(12) Professor H. S. Warts and Dr. Louise D. Cummings: 
“Groupless triad systems on 15 elements” (preliminary 
report). ’ 

(13) Professor Epwarp Kasner: “Conformal geometry in 
the complex domain.” 

(14) Professor Epwarp Kasner: “Convergence proofs con- 
nected with equilong invariants.” 

(15) Professor E. V. Huntineton: “ Notes on the catenary, 
including the case of an extensible chain.” 

(16) Mr. R. C. Srracnan: “Note on the catenary.” 

(17) Professor J. E. Rowe: “A property of the osculant 
conic of the rational cubic.” 

(18) Professor J. E. Rowe: “The node of the rational cubic 
as a rational curve in lines.” 

(19) Dr. F. W. Bea: “A congruence of circles.” 

(20) Professor H. F. Strecker: “Linear integral equations 
whose solutions have only a finite number of terms.” 

(21) Mr. C. A. Epperson: “Note on Green’s theorem.” 

(22) Mr. L. J. Reep: “Some fundamental systems of 
formal modular invariants and covariants.” 
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(23) Mr. J. R. Kuine: “Double elliptic geometry in terms 
of point and order.” 

(24) Dr. ALEXANDER PELL: “On the curves of constant 
torsion.” 

(25) Mr. J. H. Weaver: “The Collection of Pappus” 
(preliminary report). 

(26) Professor J. W. Youne and Dr. F. M. Morgan: 
“The geometries associated with a certain system of Cremona 
groups.” 

(27) Professor T. H. Gronwa.: “A functional equation in 
the kinetic theory of gases.” 

(28) Mr. J. W. ALEXANDER, II: “A theorem on conformal 
representation.” 

Professor de la Vallée Poussin was introduced by Professor 
Osgood, Mr. Ritt by Professor Kasner, Mr. Strachan by 
Professor Huntington, Mr. Reed by Professor Glenn, Mr. 
Kline by Dr. R. L. Moore, and Mr. Weaver by Professor Babb. 
Mr. Epperson’s paper was communicated by Professor G. C. 
Evans. In the absence of the authors the papers of Professor 
Wilson, Professor Safford, Professor Emch, Mr. Epperson, 
Professor Young and Dr. Morgan, Professor Gronwall, and 
Mr. Alexander were read by title. 

Abstracts of the papers follow below. The abstracts are 
numbered to correspond to the titles in the list above. 


1. Professor de la Vallée Poussin presented a new proof 
of a theorem due to Vitali. This proof forms part of a paper 
entitled “Les intégrales de Lebesgue” which will appear in 
the Transactions of the Society at a later date. 


2. In some problems in minima of double integrals, the 
surface over which the integral is taken is restricted to lie in 
a given closed region R. Then it may happen that there is 
no extremal surface bounded by a previously given space 
curve which lies entirely within R, but that there is a surface 
consisting of a part of an extremal surface and a part of the 
boundary of R which minimizes the given integral. In this 
paper Dr. Fischer derives some necessary conditions for such 
a minimum, and also a set of sufficient conditions. 


3. In the metric differential geometry of a surface, use is 
frequently made of the Gaussian parameter form of representa- 
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tion, the surface being thereby referred to an arbitrary net 
of parameter curves. But only the organic properties of the 
surface, and not those of the net, are the objects of study. In 
this paper Dr. Green investigates an arbitrary net of curves 
for its own sake. A canonical development for the con- 
figuration in the neighborhood of a point is found, and leads 
to a consideration of certain osculating quadric and cubic 
surfaces. Of especial interest and importance is a certain 
congruence, formed by the lines of intersection of the osculat- 
ing planes to the curves of the two families of the net at the 
points of the surface. The same congruence was used in 
obtaining the canonical development of a surface referred to 
a conjugate net, given in the report of the February, 1914, 
meeting of the Society. The study of this congruence leads 
to certain theorems concerning the general theory of con- 
gruences, in which the focal points on a line of the congruence 
appear as the double points of an involution. New theorems 
of a metric nature, concerning geodesics and normal con- 
gruences, are corollaries of the general theory. The entire 
discussion is founded on the consideration of a completely 
integrable system of partial differential equations, following 
out the general ideas of Wilczynski. 


4. Dr. Moore proposes the following set of axioms for plane 
analysis situs in terms of point and region. 

1. A region is a set of points. 

2. Every region contains at least two points. 

Definitions. P is a limit point of M if every region which 
contains P contains at least one point of M different from P. 
A set of points is connected if, however it be divided into two 
subsets, one of them contains a limit point of the other one. 
The boundary of a region R is the set of all those limit points 
of R that do not belong to R. If Ris a region, R’ denotes R 
plus its boundary. 

3. There exists a countably infinite set of regions Ri, Re, 
R; --- such that (1) if P and X are distinct points within a 
region R, then there exists np, such that if n > npg and R, 
contains P then R,’ is a proper subset of R— X; (2) if 
6> 0 and P is a point, then there exists n greater than 6 
such that R,, contains P. 

4. Each region is connected and so is its exterior. 

5. If two regions contain a point in common, then they 
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also contain in common a region which contains that 
point. 

6. If the point P does not belong to the region R, then every 
region containing P contains a region which has no point in 
common with R. 

7. Not every infinite set of points has a limit point. 

8. If A and B are distinct points on the boundary of a 
region Rand A X Bisa Jordan arc whose interior ¢ lies entirely 
within 7 (where T is either R or its exterior) and T—t 
= S,+ S.+ S3, where S,, S2, Ss are mutually exclusive point 
sets, then one of the sets S,, S., S; contains a limit point of 
one of the other two. 

9. The Heine-Borel proposition as applied to a set of 
regions covering a given region and its boundary. 

10. If R is a region, T either its interior or its exterior, B 
a point in T or on the boundary of R, A a point in T, and 
AX B a Jordan are whose interior ¢t lies in 7, then if T is 
connected so is T — t. 

11. Every Jordan arc is the boundary of only one region. 

12. If one point of a region R is interior to a Jordan curve 
lying in R, then every point of R is interior to such a curve. 

From axioms 1-12 follows a considerable body of proposi- 
tions relating to non-metrical properties of plane curves and 
point sets. It follows from axioms 1-6 and 9 that every two 
points of a region can be joined by a Jordan arc lying in that 
region. If axiom 12 is omitted and in place of axiom 3 
are substituted certain axioms involving the third undefined 
term motion, there results a system of axioms categorical 
with respect to point, motion, and limit point of a point set 
as defined above. 


5. In a recent paper* Dr. Moore has given a system of 
axioms for the linear continuum in terms of point and limit. 
In his second paper Dr. Moore proposes to show that, while 
this set of axioms is categorical with respect to point and order 
as there defined, nevertheless it is not categorical with respect 
to point and limit but will become so if for axioms 5 and 8 are 
substituted the following axioms 5’ and 8’: 

5’. If r; and re are two mutually exclusive rays and if the set 
S of all points contains points not belonging to 7; + m2, then 





*“The linear continuum in terms of point and limit,’ Annals of 
Mathematics, vol. 16 (March, 1915), pp. 123-133. 
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every infinite set of points lying in S — (r; + 72) has at least 
one limit point. 

8’. If P is a limit point of M, then P is a limit point of every 
infinite subset of M. 


6. In a paper presented at the January meeting of the 
Society, Mr. Vandiver proved a relation in connection with 
Fermat’s last theorem from which the criteria of Kummer and 
Furtwingler were deduced. The present paper contains 
developments along the same line. 


7. In computing invariants under a group by executing a 
transformation of the group and then eliminating the param- 
eters of the transformation, one obtains a system of equa- 
tions which, when properly separated, yield the invariants. 
It seems that the only proof heretofore known of the separa- 
bility of the invariant equations consists in an appeal to the 
results of the Lie theory. Mr. Ritt gives a direct method for 
replacing the invariant equations by a system of invariants. 


8. Professor Wilson points out that some persons, who 
should know better, seem to think that the kinematic resolu- 
tion of motion of laminas and rigid bodies into a velocity of 
translation of any arbitrary point and an angular velocity 
about an axis through that point, is dynamically valid. Asa 
matter of fact the center of mass is introduced in kinetics 
precisely so that we may have a point for which the kinematic 
resolution holds dynamically. A number of simple geometric 
theorems develop from the search after points other than the 
center of mass for which dynamic results have the same simple 
resolution as the kinematic. The paper will appear in the 
American Mathematical Monthly. 


9. On September 10, 1912, Professor Safford read before the 
Society a preliminary communication entitled “An irrational 
transformation of the Weierstrass ?-function curves.” The 
present paper gives the’ final results and will be sent to the 
Archiv der Mathematik und Physik, in which the first paper 
appeared on June 12, 1914. The original curves are obtain- 
able from x + iy = 9(t + iu), and are of the fourth degree. 
After transformation and rationalization the resulting equation 
is of the sixteenth degree, but is resolvable into three factors, 
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corresponding to one irresolvable cu:ve of the eighth degree 
and one of the fourth degree taken twice. 


10. In this paper Professor Emch shows that the series 


SIRI — a,)(% — b,)} — R{(z,’ — a,’)(z,’ — b,’)}], 


extended over a Fuchsian group with the unit circle as a 
natural boundary, where z, z’, a, b, a’, b’ are within and not 
on the unit circle, 2’, a’, b’ are fixed, and R(z) is a rational 
function, under certain restrictions represents an analytic 
function of z with the unit circle as a natural boundary. It 
appears that, in general, these functions are not automorphic 
in the ordinary sense of the word. 


11. The note by Professor Birkhoff appears in the present 
number of the BULLETIN. 


12. From previous publications and a paper presented to 
this Society in October, 1914, 44 different triad systems on 15 
elements are known. These 44 belong to groups of order 
from 8!/2 down to 2. Systems whose group is identity, or 
groupless systems, on 15 elements have not been known 
hitherto. This paper of Professor White and Dr. Cummings 
exhibits a mode of deriving new systems from old, and applies 
it to the derivation of groupless systems. Over 20 such are an- 
nounced, and the extent of the research now under way is indi- 
cated. 


13. Real conformal geometry deals with the ©? real points 
of the usual Gaussian plane under real conformal transforma- 
tion. Complex conformal geometry, as discussed by Professor 
Kasner, deals with the totality of o* complex points of the 
plane under the larger group of complex conformal transforma- 
tions. In earlier papers (see Proceedings of the International 
Congress of Mathematicians, Cambridge, volume 2, pages 
81-87) it was shown that in the real plane a regular analytic 
curvilinear angle has an invariant of higher order only when 
its magnitude is a rational part of 360° (including the horn 
angles of magnitude 0). The present paper includes a com- 
plete classification of analytic angles in the complex plane. 
In contrast with the real discussion, it is shown that certain 
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types of angle have an infinite number of higher invariants, 
and other types are capable of uniquely determining a con- 
formal transformation. The bisection problem (defined in 
the paper cited) is also generalized and it is shown that the 
number of solutions may be not only 0, 1, 2, 0, as in the real 
case, but also 3, 4, or any finite number. 


14. In the paper cited above, Professor Kasner discussed 
also the invariants of a pair of analytic curves having a com- 
mon tangent under the group of equilong transformations of 
the plane. It was shown that each type of configuration 
(classified according to the order of contact of the two curves) 
has a unique invariant Jo.4:. Hence if two configurations of 
the same type have the same J it follows that a transformation 
converting the one into the other can be formally calculated 
as a power series. The author now completes the theory by 
showing that these series are always convergent. This is 
done by reducing the problem to a differential equation of the 
form dy/dz = P/Q, where P and Q are series in z and y without 
absolute terms. The regular Cauchy theory is thus not 
applicable, but it is shown that after certain substitutions the 
Briot-Bouquet criterion may be used. The equilong theory 
thus turns out to be essentially simpler than the (roughly) 
dual conformal theory, since in the latter case the convergence 
question cannot be reduced to differential equations. 


15. Professor Huntington’s paper shows how to compute 
the length of a chord of a generalized catenary from the 
following data: the inclination of the chord to the horizontal; 
the weight per unit length, area of cross-section, and modulus 
of elasticity of the tape; the nominal length of the arc; and 
either the tension at the upper end or the tension at the lower 
end; and tables are provided for facilitating the computation. 
The paper also contains tables giving an auxiliary variable z 
in terms of the arguments (coshz— 1)/z or z/coshz or 
sinh z/z, these tables being useful in the ordinary computations 
connected with the common catenary. 


16. Mr. Strachan points out the desirability of having 
tables for the quantities / = u/sinh u and k = 2u/(cosh u — 1) 
for use in certain well-known computations connected with 
the catenary, and suggests the following form for such a table: 
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|@=gdu|| wu |sinhu|coshu|tanhu| J | k& | 


where the argument @ runs from 0° to 90° at intervals of 20’, 
and the functions are tabulated to six figures. 

As an alternative, he suggests the following form, to be 
used in connection with existing trigonometrical tables: 





|\@=gdu\|| logu | logl | logk | 


17. In Professor Rowe’s first paper the osculant conic of 
the rational cubic is defined algebraically, and it is proved not 
only that this osculant conic at a particular point whose 
parameter is ¢, touches the R* at that point (which is a well- 
known theorem), but that the parameters of the remaining 
intersections of the R* and the osculant conic constitute a 
self-apolar set. 


18. In this paper Professor Rowe shows how to derive 
from the parametric equations of the rational cubic the equa- 
tion of the node in line coordinates. The parametric equa- 
tions of the node in lines may be found by taking the polar 
of the flex cubic as to the line equation of the curve. 


19. Dr. Beal considers a congruence of circles which he calls 
a congruence C and which may be defined in the following 
manner: Any point P on a circle of the two-parameter 
system is to be a point P of a surface = whose tangent plane 
at P passes through the center of the circle and cuts the plane 
of the circle under an angle which is a function of the circle 
alone. Of particular interest is a congruence C such that the 
center of the circle is the point at which the plane of the circle 
touches its envelope M. In this case the surfaces 2 have the 
same total curvature as surface M. The surfaces = are not 
such that they admit a congruence C; such that M is one of 
an infinity of surfaces related to C; in the same manner as 
= is to C, unless M is pseudospherical. Then the surfaces = 
are of course Backlund transforms of M. 


20. In solving actual problems of linear integral equations 
the Fredholm series D(s, t, 4) and D(A) often have only a 
finite number of terms. It is the purpese of Professor 
Stecker’s paper to determine the conditions under which this 
takes place. It is shown that it is necessary and sufficient 
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t=n 


that the kernel be of the form p> ¢:(s)Yi(t), except, 


possibly, at the points of a set of etant zero; or that the 
known term in the integral equation itself satisfy a certain 
integral equation. The corresponding forms of solution of 
this linear integral equation are also obtained. 


21. The aim of Mr. Epperson’s paper is to extend Green’s 
theorem to apply to integro-differential relations equivalent to 
the general linear partial differential equation of the second 
order in two variables. These relations are written in such a 
way as not to involve derivatives of the second order, and the 
theorem is proved without assuming their existence. This 
point of view is desirable for the possibility of its application 
to physics. The proof is deduced without making use of 
Green’s theorem in its usual form. 


22. The method of constructing formal modular concomi- 
tants of a form that Mr. Reed uses in this paper is the one 
outlined by Professor O. E. Glenn in an article published in 
the Buttetin for January, 1915. The method consists in 
finding transvectants of the form with the absolute covariants 
of the modular group and in the use of certain invariant 
operators. By this method are constructed fundamental 
systems for the linear form modulo p, for the quadratic form 
modulo 2, and a simultaneous system for the linear and the 
quadratic form. These three systems are shown to be 
complete. The same method applied to the quadratic form 
modulo p gives a series of irreducible concomitants, $(p + 7) 
in number. 


23. In his Rational Geometry, Halsted gives a set of axioms 
for double elliptic plane geometry in terms of point, order, 
association, and congruence. Mr. Kline proposes the follow- 
ing categorical set of eleven axioms for three dimensional 
double elliptic geometry in terms of point and order alone: 

1. If A is a point, there exists at least one point A’, different 
from A, such that the order AA’C does not hold for any point 
C. A’ is called an opposite of A. 

2. There exist at least two distinct points A and B such 
that B + A’. 

3. If ABC, CBA. 
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4. If ABC and A’ is any opposite of A, A’CB. 

5. If ABC and ACD, then not ADB. 

6. If ABC and BCD, then either ABD or AD’B. 

7. If there exist an infinite number of points, there exist 
three points A, B, D such that D is not on the line AB. 

8. If AED and ABF and D is not on AB, then there exists 
an H such that BHD and EHF. 

9 and 10 are the same as Axioms IX and X of Veblen’s 
euclidean system. 

11. The Dedekind cut postulate for every segment. The 
straight line AB is defined as the set of all points X satisfying 
one of the eight conditions X = A, X = B, X = A’, X = B’, 
XAB, AXB, ABX, AX'B. 

It follows from Axioms 1-6 that a point has only one 
opposite; from Axioms 1 to 6 and Axiom 8 follows the existence 
of an infinite number of points and the fact that any two dis- 
tinct points of a line, not opposites, determine this line. 
That the points of a line are in cyclical order follows from 
Axioms 1 to 6 and Axiom 8, Axiom 8 being merely used to 
show that, assuming the hypothesis of Axiom 5 satisfied, D is 
on the line AB. That every two lines in a plane intersect in 
two points, which are opposites, is a consequence of Axioms 1-8. 
It follows from Axioms 1 to 10 that every two planes intersect 
in a straight line. 


24. Dr. Pell shows that the coordinates of a curve of con- 
stant torsion can be expressed as the sum of the coordinates 
of a minimal curve and of a spherical curve. The curve of 
constant torsion lies on a developable surface whose edge of 
regression is the corresponding minimal curve, the distance 
between corresponding points being constant. Some prop- 
erties of a circular helix are generalized for curves of constant 
torsion. 


25. Mr. Weaver has made a translation of the Collection of 
Pappus, to which he is adding a commentary, explaining in 
modern form the Greek geometric methods. In this pre- 
liminary paper he discusses the various criticisms of Pappus in 
the light of this extended study. He gives references from 
Pappus’s own works, which have doubtless been missed by 
many historians who have blamed Pappus for literary theft 
or on the other hand have given credit which Pappus definitely 
disclaims. These ancient impressions being corrected, Mr. 
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Weaver wishes to discuss in succeeding papers some notions 
developed by Pappus which he believes are not generally 
known. 


26. The paper by Professor Young and Dr. Morgan is a 
revision from a much more general point of view of a paper 
presented by them to the Society two years ago (April 26, 
1913) under the title “The geometry associated with a certain 
group of Cremona transformations in space.” This earlier 
paper called attention to a system G, Gz, G3, ---, Gn, +--+ of 
groups of Cremona transformations (of order 7) in spaces of 
1, 2, 3, ---, m dimensions respectively, and developed elemen- 
tary properties of the geometry associated with one of the 
particular forms assumed by the group G; in space of three 
dimensions. In the present paper the symbol G (without 
subscripts) is used to denote any one of the groups G; (z = 1, 
2, ---, mn); the associated point space, on which the transforma- 
tions of G operate in a one-to-one reciprocal way, is denoted 
by S. The geometry of the system (S, G) is then developed. 
The theorems are for the most part the same as in the previous 
paper; the novelty in the present revision lies merely in the 
recognition (explicitly) of the fact that the theorems are of 
“general reference” in the infinite system of geometries 
defined by the groups G;. 


27. Let &, n, ¢, and &, m, {1 be the velocity components of 
two spherical molecules at the instant of their collision, and 
¢(&, 7, £) the logarithm of the function defining the distribu- 
tion of velocities; then the Maxwell-Boltzmann fundamental 
theorem leads to the functional equation 


o(&, 0, $) + of, m, $1) 
=f(Etiatmo th, P+ P+ C+ 4 of t+ OH). 


Assuming the existence of all six partial derivatives of the 
second order of ¢, it is readily shown (Boltzmann, Vorlesungen 
iiber Gastheorie, volume |, pages 128-131) that the general 
solution of the functional equation is 


9(E, 0, $) = a+ bE + bon + b3f + c(# + 1? + &%) 


with constant coefficients. In the present paper, Professor 
Gronwall establishes the same result under the sole assumption 
of the continuity of ¢ for all real values of the variables. 

F. N. Co.e, 
Secretary. 
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AN ELEMENTARY DOUBLE INEQUALITY FOR THE 
ROOTS OF AN ALGEBRAIC EQUATION 
HAVING GREATEST ABSOLUTE 
VALUE. 


BY PROFESSOR GEORGE D. BIRKHOFF. 


(Read before the American Mathematical Society, April 24, 1915.) 


Let there be given an algebraic equation of the nth degree 
written 


x + Chaya" + Cn 220"? + --++a,= 0, 
where C,1, Cn, --- denote binomial coefficients. Let x, 
2, *+*, t, denote its roots, and X the greatest absolute value 
of any of these roots. 
From the equations which express the coefficients in terms 


of the roots 
Ca,xde = (— 1)*2ayx---2, (k = 1, 2, --- n) 


we infer at once that 
| ak | < x. 


In fact there are precisely C,,,, terms on the right-hand side 
of the kth equation, each of which is not greater than X*. 
Hence, if a stands for the greatest of the quantities 


| ay |, | ae |/2, rn | a, |), 


it is clear that we have X 2 a. 
Also from the given algebraic equation we obtain directly 


[2 l*S Caala||2i-?*+--- + [a,|, 


where x represents any of the quantities 2, 22, ---, 2%. Re- 
placing | z| by one of its possible values X, and each quantity 
| a. | by the quantity a*, at least as great, we obtain 


|X|" S Casa | Xl 24+ --- + 0%, 
which may be written 


X*S (X¥+a)"— X*. 
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Transposing the term X” to the left-hand side and extracting 


the nth root of the two members of the resulting inequality, 
we find 


XS gn}: 
The roots of largest absolute value X are restricted by the double 
inequality 
aS XSan—7> 
where a denotes the largest of the quantities 
[ar|, | a2 [, «++, | dn |. 


The inequality X 2 a was noted by R. D. Carmichael and 
T. E. Mason,* who observed also that the lower limit is 
reached if the equation is 


(2+ a)" = 0. 


It is also evident that the upper limit found above is reached 
if the equation is 
22" — (x + a)" = 0. 


Harvarp UNIVERSITY, 
April 23, 1915. 


CERTAIN NON-ENUMERABLE SETS OF INFINITE 
PERMUTATIONS. 


BY PROFESSOR A. B. FRIZELL. 


(Read before the American een man) Society April 10 and December 
" ; 


1. THE simplest element of a permutation is the pairing of 
one of the objects permuted with a number indicating its 
place in the permutation. Such a pairing may be called a 
primitive element and denoted by (2, n), where nis the object 
and i the number of the place assigned to it. In this paper 
the objects will all be numbers, finite or transfinite. 

2. Permutations of finite sets are simply collocations of 
primitive elements. They are conveniently denoted by ex- 


* BULLETIN, vol. 21 (1914), pp. 14-22; in particular p. 20. 
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pressions of the form (23, m1) O (iz, mz2)O --- O(tg, me) (t1 < te 
< +++ < 4%) and may be said to form oceinantat elements. 
The cauer of the place will be called the index of a term (or 
monomial element) and the number placed there its digit. 
Index and digit may be transfinite and the terms may form 
an infinite series instead of a finite polynomial. 

3. If in an infinite well ordered set only a finite number of 
objects are permuted, the pairing of these objects with their 
new places may be called a finite permutation. It is easy to 
see that any set of finite permutations can be well ordered. 
If, e.g., in the series 1, 2, --- we bring the numbers 2, 3, --- 
successively to the first place, leaving the rest unchanged, 
and in each resulting series do likewise for the second place, 
then similarly for the third, and so on, the whole set is well 
ordered by the process of formation. 

4. By an infinite permutation is to be understood here a 
pairing whereby infinitely many objects change their places, 
Thus, for example 


(1, 2)0 (2, 1)0(3, 4)0(4, 3)O --- 


is an infinite permutation of the series 1, 2, --- yielding the 
new series 2, 1, 4, 3, 6, 5, ---. Another example is obtained 
by interchanging the powers of 2 with the corresponding powers 
of 3, giving the series 1, 3, 2, 9, 5, 6, 7, 27, 4, 10, 11, 

5. The polynomial elements that can be made with an 
w-series of digits and an w-series of indices form an enumerable 
set, since they are in one-to-one correspondence with the set 
of algebraic polynomials in which all coefficients are natural 
numbers. Let us order these polynomials according to the 
rules 
(1) (i,m) < (i,n) ifm<n; 


(2) (t1, m) < (v2, ) if %1 < t; 
(3) p < q if p has fewer terms than q; 


(4) p< q if they have the same number of terms but the 
first term of p that is not in q is lower than the first 
term of g which is not contained in p. 


It is not difficult to show inductively that in this way the 
set is well ordered. Its type of order is the same as that 
which results from arranging the natural numbers according 
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to their prime factors—first simple primes, then products of 
two primes, of three primes, and so on. This observation 
also proves at once that the set is countable. 

6. The polynomial elements 2(7, n) are now to be used in 
forming infinite permutations. In the series 1, 2, --- let the 
monomial (7, n) interchange an w-series of products of n 
primes with a similar series of products of 7 primes, and let 
the polynomial 2(z, n) effect simultaneously the exchanges 
indicated by its several terms. Thus the first primitive (1, 1) 
is an identical transformation, leaving the series unchanged; 
the second monomial (1, 2) is to interchange the simple 
primes with some w-series of products of two primes; let it be 
the first one, 2p;, and we get the permutation 1, 4, 6, 2, 10, 3, 
14, 8, 9, 5, 22, 12, 26, 7, 15, 16, 34, 18, 38, 20, ---. The 
transformation numbered w is (2, 1); let it exchange the 
simple primes and the series 3p;._ The next transformation is 
(2, 2); let it interchange the series 2p; and 3p;, yielding the 
series 1, 2, 3, 9, 5, 15, 7, 8, 4, 21, 11, 12, 13, 33, 6, 16, 17, 18, 
19, 20, 10, ---. We have, then, an enumerably infinite set of 
infinite permutations, since to every polynomial has been 
assigned a finite set of transpositions as just described. 
Whether these transpositions are all used does not interest us. 

7. It is now easy to obtain non-denumerable sets by re- 
peating the above process. To illustrate, let (1, 2) operate 
on the series of primes in the result of the transformation 
(2, 2); it produces the series 1, 2, 7, 9, 13, 15, 3, 8, 4, 21, 29, 
12, 5, 33, 6, 16, 43, 18, 19, 20, 10, 39, ---. Let p;™ denote 
a polynomial and P;™ the result of applying it as in § 6, 
where 7 is the ordinal symbol assigned to p; by the rules of 
§5, and let the w-series used in §6 be numbered likewise. 
Then P® ~ (i, n) shall be the permutation obtained by 
applying p; as a transformation to the series whose ordinal 
symbol is n. The new symbols (i, n) are to be combined into 
new polynomials p™ as in § 2 and ordered by the rules of § 5. 
The new set of permutations P™ cannot be put into one-to-one 
correspondence with set [P]. For on this assumption there 
still exists a P™ which differs from P;™ in the transformation 
p™ performed on its first w-series, differs at the same time 
from P,™ in the transformation performed on its second 
w-series, and from P,™ in that performed on its nth w-series 
(where n runs through the values 1, 2, --- w, ---,w*, ---), 
and is therefore not contained in the assumed list, which is a 
contradiction. Hence [P] is not enumerable. 
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8. It is worth while to study the preceding types of order 
in a different way, following Cantor; they are all compre- 
hended under the concept of a “ Belegung.” In forming the 
primitive elements of the p™, two places are covered with an 
w-series of numbers; this covering is denoted by w*. For the 
binomials, four places 7, 71, i2, m2 are covered with an w-series, 
indicated by w*. The polynomials of N terms have 2N places 
to cover, giving the ordinal symbol w*, whence the whole set 
[p] is of ordinal type w*. And this is the same as the type 
of the set of w-series of prime factors in the system of natural 
numbers, for the products of two primes exhibit a single 
w-series of w-series, 2p;, 3p;, 5p;, ---; in the products of three 
primes p,,- pi,* pi the successive w-series are obtained by 
covering two places 7; and 72 with an w-series, with four factors 
three places are covered, and so on. The same type again 
is exhibited in each P (cf. § 5) and therefore in forming the 
P® we have likewise a covering. In the P™ each w-series 
may be re-arranged as an w®-series and this process admits an 
w-series of repetitions, but no more; beyond this point it 
yields nothing new. 

There is a bit of formalism in the preceding which perhaps 
calls for closer scrutiny. The set of products of N primes is 
in the strict sense a covering of N factors with an w-series of 
values. Think of a row of N boxes or spaces into each of which 
a compositor throws a prime. The totality of different ways 
in which he might set up this line is precisely what is meant 
by the symbol w”. The symbol w*, then, would mean, by 
analogy, that to every one of an w-series of spaces is assigned 
arbitrarily a prime number. But if an w-series of places is 
covered in this way with the series of primes we certain y do 
not get the set of natural numbers. And the covering of an 
w-series with an w-series is not a “limit ” of the coverings 
w”, because the set [p] lies between them. The use of w® 
for this set is merely a convenient symbolism not capable of 
supporting any logical deductions. 

9. The process by which the permutations P™ were obtained 
from the P™, however, being carried out by finite arithmetical 
steps, is not liable to inconsistency and, moreover, can be 
repeated. Thus we get a new set [P™], the digit n running 
through the series of all ordinal values lower than the ordinal 
type of the set of series in P™. Suppose that to every P 
has been assigned a P™, There exists a P® from which 
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every P,® differs in its vth transformation (i,, n,) for values 
of v forming a series of type > w. Hence the terms in the 
corresponding polynomial p™ are a set whose type is > w. 
But there are no such polynomials. Therefore the P® 
cannot be put into one-to-one correspondence with the P™. 
The same reasoning holds for the P™, so we have two proofs 
that this set is non-enumerable. 

10. The process of §7 applied to the permutations P® 
yields a new set [P] and the reasoning of §9 shows that this 
set is not equivalent to [P™]. Therefore by strict induction 
from N to N + 1 we infer the existence of an w-series of sets 
of infinite permutations no one of which can be put into 
one-to-one correspondence with its predecessor. Ordinally 
[P?*)] > [P™] for N-= 0, 1, 2, ---. In Cantor’s termi- 
nology, the set of infinite permutations of a simple infinity of 
objects presents an ordinal type higher than any finite aleph. 


McPuHERrson, Kansas. 


GEORGE WILLIAM HILL, 1838-1914.* 


Grorce WiLu1AM Hitt was the son of John William Hill 
and Catherine Smith, and was born in New York City on 
March 3, 1838. Both his father and grandfather were artists 
and he himself was of English and Huguenot descent. His 
early education like that of most of the men of his time in 
America gave him few advantages. In 1846, when his father 
moved from New York to the farm at West Nyack, the 
country was too busy with material development to produce 
many teachers who could give any but the most elementary 
instruction, and the country school which he attended must 
have been inferior in this respect to those of the larger cities. 
Even at Rutgers College in New Jersey, to which Hill was 
sent owing to the exhibition of unusual capacity and from which 
he took his degree in 1859, the course probably went but little 
beyond that now found in secondary schools. There, however, 
he came under the influence of a man whose ideas on educa- 
tion were unusual. Dr. Strong, according to Hill’s evidence, 
believed only in the classic treatises; but little published after 





* Reprinted, by permission, from the Proceedings of the Royal Society 
May 3, 1915. 
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1840 was admitted to his library. Hill’s sound knowledge of 
the fundamentals of his subject is doubtless due to this course 
of reading. 

Hill’s first paper, published in 1859 when he was but twenty- 
one years of age and before he had taken his degree at college, 
is a half-page note on the curve of a drawbridge. Two years 
later he showed his capacity in the essay which gained a prize 
offered by Runkle’s Mathematical Monthly for the best solution 
of a problem connected with the constitution of the Earth. 
President R. S. Woodward, who has himself worked much at 
this subject, says that the memoir is still worthy of careful 
reading. 

In tie year 1861 he joined the staff of the Nautical Almanac 
office which then had its headquarters in Cambridge, Mass., 
and for a year or two he worked there and thus had an op- 
portunity for association with some of the ablest men of the 
time in astronomical science. But he soon obtained permis- 
sion to do his work at the home in West Nyack which he never 
seemed to leave willingly during the rest of his life. It was 
there that nearly all his best work was done. In fact he was 
only away from it for one considerable period and this is 
covered by his residence in Washington from about the year 
1882 until 1892; even during that time the summers were 
generally spent in West Nyack. 

In the first ten years after leaving college, Hill only pub- 
lished eight papers and none of them deal with celestial 
mechanics in the modern sense of the term. But from his 
output after that time it is evident that he had been reading 
and digesting the newer treatises and memoirs as they ap- 
peared. Delaunay’s two magnificent volumes on the lunar 
theory were published in 1860 and 1869, respectively, and the 
methods of that investigator exercised a fascination over Hill 
for the rest of his life. The other great lunar theorist of the 
period, P. A. Hansen, had been explaining his methods for 
many years before this time and Hill was probably one of the 
few men of his time who understood them thoroughly. He 
does not seem to have been particularly drawn to them, 
although they are used in his theories of Jupiter and Saturn 
with but little alteration. It is difficult to find many traces of 
other influences in his work. His most celebrated memoir, 
it is true, is based on one of Euler’s numerous methods, as he 
himself tells, but after the start he proceeds entirely on lines 
of his own devising. 
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The publications which follow his first attempts during this 
early period exhibit knowledge of theoretical astronomy and 
the power to handle large masses of numbers rather than any 
unusual mathematical ability. In his discussion of the ob- 
servations of the great comet of 1858 which was undertaken 
to obtain a satisfactory orbit (1867), he has to deal with 363 
places gathered from many sources. As usual with Hill, 
he does not confine himself to the main point but discusses 
systematic errors between different observatories and those 
due to the size of telescope used. His final conclusion is that 
there is no evidence of any force other than gravitation influ- 
encing the motion of the comet. 

It is probable that his work on this body was responsible 
for the next three papers: on the reduction of star places, the 
determination of the elements of a circular orbit and the 
conversion of latitudes and longitudes into right ascensions 
and declinations, or at any rate that it drew his attention to 
these fundamental problems. But he was soon to lay them 
in the background for more original investigations in celestial 
mechanics proper. One can see in his published work the 
gradual approach to this subject. His tenth memoir is a 
correction to the elements of the orbit of Venus from ob- 
servations extending over 33 years. It is followed by a 
derivation of the mass of Jupiter from the perturbations of 
certain asteroids, and the calculation of an inequality of very 
long period in the motion of Saturn. Shortly before, however, 
he had been assisting in the campaign which had started some 
years earlier to get the utmost out of the transits of Venus in 
1874 and 1882. Part II of the Papers of the U. S. Commission 
relating to the transits is by his hand; it consists of charts 
and tables for facilitating predictions of the several phases 
at any place on the globe. 

The active period of Hill’s work in celestial mechanics 
began in 1872. Between that year and 1877, when his two 
chief memoirs appeared, he published eleven papers on 
various phases of the subject besides seven others in pure and 
applied mathematics and the Jong transit of Venus calculations 
already mentioned. Most of them are quite brief and call 
for no special mention. 

In order that the value of Hill’s contributions to celestial 
mechanics and more particularly to the lunar theory may be 
made clear, it is necessary to say a few words as to the con- 
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dition of the subject at the time they were published. For 
two hundred years mathematical astronomers, many of them 
of the first rank, had been devoting their energies to furnishing 
a complete demonstration of the power of the law of gravita- 
tion to account for the motions of all the bodies in the solar 
system within the degree of accuracy of the observations. In 
the third quarter of the nineteenth century it was evident 
that this demonstration would soon be made. Leverrier was 
publishing his tables for the positions of the great planets, 
while Hansen and Delaunay had completed their work on 
the moon.’ For the purposes of navigation all needed accu- 
racy had been obtained, and from the scientific side there 
seemed to be but few matters which needed explanation: the 
final polish which a few industrious workers might give was 
the last step. There was thus danger that the subject of 
celestial mechanics might encounter a blank prospect. The 
number of investigators began to dwindle. At the same time, 
pure mathematics and physics were showing vast territories 
to be explored, while the discovery of spectrum analysis and 
the use of the photographic plate attracted many astronomers 
who earlier would have devoted themselves to the mathemat- 
ical side of the subject. From the old point of view this atti- 
tude on the part of astronomers was justifiable. But Hill saw 
that there were problems other than the mere verification of 
the law of gravitation by comparisons of theory and observa- 
tion of the chief bodies in the solar system which would demand 
solution. He also saw, partly from the industrious work of 
Newcomb on the old and modern observations of the moon, 
that even the enormous labors of Hansen and Delaunay on 
the theory of its motion would demand extension and veri- 
fication if a test of the Newtonian law to the degree of accuracy 
of the observations were required. For the former object, a 
new set of problems must be formulated and a start made 
towards their solution; for the latter, a new method of pro- 
cedure was practically necessary, for it was almost certain that 
no one would repeat the calculations which appeared to have 
been pushed as far as was humanly possible with the adopted 
methods. These two sides of Hill’s work are quite distinct 
even though they both start from the same memoir. 

The older lunar theorists had taken the ellipse as a first 
approximation, that is, at the start the action of the sun was 
neglected. Hill proposed a first approximation in which a 
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portion of the sun’s action should be taken into account. If 
an examination of Delaunay’s final expressions for the longi- 
tude, latitude, and parallax be made, it is seen that the infinite 
series proceed along powers of five parameters and that the 
rate of convergence along powers of one of these, the ratio of 
the mean motions of the sun and moon, is far more slow than 
along powers of the others, owing to the presence of large 
numerical factors. Hill conceived the idea of neglecting all 
these other parameters and then finding the series in powers of 
this ratio alone, with all needed accuracy. He set up the 
equations of motion, solved them and gave formulas of 
recurrence which enabled him to avoid the slow approximation 
methods which generally advanced the degree of accuracy by 
only one or two powers of the ratio at each step; in his method 
it advances by four powers of this ratio. The expressions are 
worked out both literally and numerically, the latter being 
taken to fifteen significant figures, a number not very much in 
excess of what is actually required. 

As obtained, the coordinates are referred to axes which move 
with the mean velocity of the sun round the earth and in this 
form the expressions involve the time through its presence in 
multiples of a single angle. In the transformations which are 
necessary to convert rectangular coordinates to polars Hill 
makes full use of the method of “ special values ” or, as it is 
now called, of harmonic analysis and synthesis. He was always 
very fond of this kind of transformation, using it much in 
later years and even attempting to systematize its use when 
many hundreds of terms were present. 

It would be unjust in this connection not to mention the 
indebtedness of Hill to Leonard Euler, probably the greatest 
of lunar theorists since Newton. Euler, as Hill remarks, had 
had the idea of starting the theory in the same way with 
moving rectangular axes and with the same first approximation 
and had carried it out to a considerable extent in his theory 
published in 1772 and in a later memoir. 

The further steps outlined by Euler and quoted by Hill 
consist of the determination, step by step, of the terms arranged 
in powers of the parameters which had been neglected. Each 
step is to consist of the complete calculation with all needed 
accuracy of the function of the time and the ratio of the mean 
motions which multiplies each combination of powers of the 
remaining parameters. There are several difficulties in fol- 
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lowing this process. The chief one, which Hill solved in the 
memoir on the perigee of the moon, is the determination of the 
first new angle containing the time which arises in the second 
approximation. In later approximations this angle also in- 
volves all the parameters and other methods are needed to 
find the new portions depending on them. Euler possibly 
foresaw this; Hill certainly did, but he never carried his work 
to the degree of approximation which would need them. The 
method has been used by the writer for the construction of a 
complete theory of the moon’s motion. 

The expressions for the coordinates, referred to the moving 
rectangular axes, have another property: they form Fourier 
series and are therefore periodic. The resulting orbit in this 
moving plane is consequently closed. Recognizing this fact, 
Hill draws the curve. But he saw that the orbit was of in- 
terest apart from its application to the lunar problem, for he 
immediately proceeds to trace, with some care, orbits for 
values of the ratio of the mean motions other than that which 
holds for the actual moon and sun. He thus obtains a family 
of such orbits. It is Hill’s idea of the periodic orbit which, 
developed chiefly by Poincaré and G. H. Darwin, has given 
new life to the whole subject of celestial mechanics and has 
induced many mathematicians to investigate on these lines. 
The treatise of the former, Les Méthodes nouvelles de la 
Mécanique céleste, is based mainly on this idea. Darwin 
actually traced many such orbits under varying conditions. 

There is still another portion of this memoir which has been 
largely used as a foundation for investigations into the stability 
of celestial systems. If the eccentricity of the earth’s orbit 
round the sun be neglected, it is possible to write the relative 
energy equation in a finiteform. Referred to the same moving 
axes, the square of the velocity can, in fact, be expressed as a 
finite algebraic function of the coordinates. Since the square 
of the velocity can never be negative, this function, equated to 
zero, gives the equation to a surface which the moon cannot 
cross. As the surface consists of various ovals and folds, we 
can obtain certain limitations on the path of the moon and 
therefore carry forward the question of the stability of its 
motion one important step. Hill draws the surfaces for a 
limited case. Darwin made extensive use of a similar diagram 
for a more extended case, and many others have followed on 
the same lines. 
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Thus this memoir of but fifty quarto pages has become 
fundamental for the development of celestial mechanics in 
three different directions. Poincaré’s remark that in it we 
may perceive the germ of all the progress which has been made 
in celestial mechanics since its publication, is doubtless fully 
justified. It has sometimes been said that Hill did not ap- 
preciate at the time the importance of his work. Hill was far 
too modest about his own achievements to lay any such stress 
on his productions as has the scientific world. But it does not 
require an extended study of his memoirs to see that his 
vision often went beyond the particular matter in hand. 

The second memoir of 1877, “On the part of the motion of 
the lunar perigee which is a function of the mean motions 
of the sun and moon,” has already been referred to. It is 
essentially a continuation of that part of the researches which 
deals directly with the lunar problem, although published a 
few months earlier. While not so far reaching from the point 
of view of future developments, it is even more remarkable as 
an exhibition of Hill’s powers of analysis. In it, the deter- 
minant with an infinite number of elements is raised from a 
nebulous possibility to an instrument of computation. Hill’s 
periodic orbit contained only two of the four arbitrary con- 
stants which the complete solution of his differential equations 
requires. He therefore proceeds to find an orbit—no longer 
periodic—differing slightly from the periodic orbit but still 
satisfying the differential equations to the first power of the 
small variation. The equations obtained are two of the second 
order and linear with respect to the two unknown dependent 
variables. An able analysis with the use of known integrals, 
enables him to reduce the solution to that of one of the second 
order in the normal form 


dp. 
qet Vp = 0, 
where V is a known Fourier series depending on the time. 
Knowing the form of the solution 
p = Ya; cos {c(t — th) + 2u(n — n’)(t — t)} 


from previous work in the lunar theory, a form he justifies 
by general considerations, Hill substitutes and obtains an 
infinite series of linear equations for the determination of the 
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unknowns a;. But ¢ is also unknown and it does not enter in 
a linear form. The a; are eliminated by means of a deter- 
minant with an infinite number of rows and columns equated 
to zero; this is therefore a determinantal equation to find ce, 
the main object of the investigation. 

Then follows a remarkable series of operations. The de- 
terminant is reduced to a convergent form (though it was left 
to Poincaré to furnish the proof of convergence) by dividing 
each row by a suitable factor which reduced every element of 
the principal diagonal to unity. Next, the unknown c must 
be isolated; Hill achieves this by recognizing that if ¢ be a root 
so must ¢ + 2% be also a root and that therefore the roots 
can be expressed by a cosine function. On the assumption 
that there are no otber roots, he equates the determinant to 
the cosine function, obtaining the constant by comparing the 
highest (infinite!) power of ¢ on each side of the equation. A 
particular value of ¢ (not a root) can be inserted in the identity 
thus obtained. In this way, Hill reduced the work to the 
computation of an infinite determinant every element of which 
is known. He gives a general method for this expansion which 
enables him to tell at once the order of the terms neglected 
when the series is cut off at any place. Each term of this 
series, however, consists of singly, doubly, . . . infinite series 
which must be summed. The labor at this stage was very 
great and it caused a corresponding liability to error. Hill 
carried it through with complete suctess in its general form, 
afterwards substituting numbers and determining c to sixteen 
significant figures. The principal part of the motion of the 
moon’s perigee is immediately deducible from c. President 
Woodward relates that the determinant was solved during one 
of two trips which Hill made to the northwest region of 
Canada; I imagine, however, that this statement refers to the 
method to be adopted rather than to the actual computation. 

The story of these two memoirs is incomplete without a 
notice of the work of J. C. Adams on somewhat similar lines. 
Almost immediately after their publication, a brief paper by 
him appeared in the Monthly Notices of the Royal Astronom- 
ical Society. He had also taken up Euler’s idea and had 
obtained the variation orbit as a first approximation. But 
he turned to the motion of the node instead of to that of the 
perigee. The investigation here follows lines very similar to 
those of Hill, the solution of the infinite determinant being 
closely analogous. 
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It is convenient at this stage to take up Hill’s work rather 
by subject than in chronological order. The periodic orbit 
used with such excellent results in the lunar theory is tried 
later (1887) on the motion of the satellite Hyperion as dis- 
turbed by Titan and the results applied in a following paper to 
obtain the mass of the latter. These were written before the 
publication of ‘Poincaré’s researches. Only on one occasion 
did Hill make it the subject of a theoretical research and it was 
then probably stimulated by reading Poincaré’s Mécanique 
céleste. As the title, “Illustrations of periodic solutions in 
the problem of three bodies,” indicates, it consists of appli- 
cations to certain bodies in the solar system. 

From time to time a paper was published advancing the 
applications to the lunar theory. In one, the periodic orbit 
is extended so as to include the terms which depend on the 
ratio of the parallaxes of the sun and moon as well as on the 
ratio of the mean motions. In another paper the terms 
dependent on the latter ratio and on the first power of the 
solar eccentricity are computed. In still another paper he 
calculates the expression for the principal part of the motion of 
the moon’s perigee as far as m" literally in order to settle the 
correctness of Delaunay’s value, which had been questioned 
as to certain of the earlier powers of m by Andoyer. Beyond 
these, he seems to have made no effort to continue the work 
in this direction. Possibly this was due to the heavy labor 
on the theories of Jupiter and Saturn which engaged him at 
least until 1892. In fact, as early as 1888 he stated in a letter 
to Sir George Darwin that he scarcely expected to proceed with 
the subject. 

His fondness for Delaunay’s methods has already been 
mentioned. One of his most valuable memoirs is an applica- 
tion of them to the calculation of the smaller perturbations of 
the moon’s motion which arise from the action of the planets 
and the figure of theearth. Hill, using Delaunay’s methods and 
results, showed, in a short paper on the Jovian evection, that 
the whole action of the earth and sun on the moon could be 
treated as known from the start and that therefore only one 
approximation was needed in order to get the effect of any 
disturbance whose square could be neglected. All later in- 
vestigators have used this method. The formulas of Delaunay 
are literal, while Hill’s final equations for the calculation of 
the effect of any small disturbing force have the great ad- 
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vantage of well-determined numerical coefficients to be 
multiplied by the constants which depend solely on the nature 
of the given force. 

In an earlier paper he had also shown how the disturbing 
function for direct planetary action can be expressed as a 
series of products, one factor in each product containing the 
coordinates of the earth and moon only, whilé the other con- 
tained those of the earth and planet only. The former could 
therefore be computed once for all; it was the latter which 
required separate computations for each planet. This paper 
has also formed the basis for all the complete calculations of 
the planetary disturbing forces which have been made since its 
publication in 1883. 

But Hill’s most extensive application of Delaunay’s theory 
is made in its original form to the calculation of the inequalities 
produced by the figure of the earth. While he carried these 
to the degree of accuracy needed for observation, the method 
appears to be somewhat long and complicated. It has to be 
applied in a literal form and this requires expansions which 
converge very slowly. As a matter of fact a few days work 
with the methods which he adopted for the planetary terms 
will furnish the inequalities with all needed accuracy. In 
the first part of this paper Hill, not content with the values for 
the flattening of the earth which were then in use, deduced one 
directly from a large number of pendulum observations all 
over the earth. The result, 1/288, is considerably larger than 
most of the other determinations and notably so than that of 
Helmert, 1/298, deduced from the same class of observations. 
The memoir occupies over a hundred and forty pages and 
must have demanded an enormous amount of careful and 
accurate algebraic computation. To complete the account of 
his work on the lunar theory, mention must be made of his 
calculation, by de Pontécoulant’s method, of the principal 
inequalities produced by the motion of the ecliptic. Hansen 
was the only writer who had found the term in longitude as 
well as in latitude, and nearly all his calculations of the small 
perturbations are doubtful. Hill, of course, obtained correct 
results as far as he went in the matter. 

Newcomb, who had taken charge of the American Ephem- 
eris in 1877, soon induced Hill to undertake the theories of 
Jupiter and Saturn, and so give material assistance in his 
plan of forming new tables of the planets. The method 














1915.] GEORGE WILLIAM HILL. 509 


adopted is that of Haiisen with only a slight modification which 
consisted in expressing the computations directly in terms of 
the time instead of using two auxiliary angles. That he used 
an old method in preference to devising a new one is perhaps 
unfortunate even though the result leaves little to be desired. 
Had he taken more time over the preliminary stages we should 
probably have had something new and original, for Hill was 
then at the height of his powers as a mathematician. But 
he was doubtless under some pressure from Newcomb, who 
wished: to complete his great plan during his tenancy of the 
office of director, and Hill himself may have desired to finish 
the calculations as soon as possible in order that he might 
return to West Nyack. However this may be, he completed 
the task successfully as may be judged from the small residuals 
which he obtains after a comparison with observations ex- 
tending over 150 years. The tables which he formed from 
the theories of the two planets are now used in most of the 
national ephemerides. 

In 1882 Hill published a memoir of some length on Gauss’s 
method for computing the secular perturbations of the planets. 
‘Gauss had outlined only the general idea. Hill takes it up and 
develops in detail the formulas to be used. In the course of 
the work he finds that a considerable portion of the calculation 
depends on three elliptic integrals which may be needed for 
values of the argument up to 50°. Consequently a large part 
of the paper consists of the tabulation of these to eight places 
of decimals at intervals of a tenth of a degree; the first and 
second differences are also printed so that the tables are in 
form ready for interpolation. As an example he computed 
the secular perturbations of Mercury by Venus with great 
accuracy. ‘Two further papers on the same subject appeared 
in 1901. 

In these years Hill published a number of short papers in 
the Analyst, a journal no longer in existence. Sometimes they 
are merely solutions of well-known problems, at other times, 
simplifications of proofs of theorems which had evidently 
presented difficulties to him and which he felt needed elucida- 
tion or elaboration—two favorite words with him. But Hill 
was not a great expositor: even for those familiar with the 
subject his work is often difficult and sometimes obscure. 
Newcomb used to say that if Hill had only the faculty of 
explaining his own ideas he might have avoided many an 
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error and saved much time. Hill’s ability to assimilate and 
extend the work of his predecessors, at any rate in his earlier 
days, doubtless prevented him from appreciating the diffi- 
culties of others. When the reader is used to Hill’s style of 
composition and his general plans in writing out what he had 
to say, his arguments are much more easily grasped, but he is 
rarely anything else than concise. 

In his last years Hill still continued to publish in spite of 
failing health. He covered a variety of topics, several of 
them quite away from the region of celestial mechanics. One 
of the most extensive of his papers is a memoir on dynamic 
geodesy, the last in the fourth volume of his collected works 
and not previously published elsewhere. Some later papers 
on a variety of subjects will appear in a fifth volume, to be 
published, like the previous four volumes, by the Carnegie 
Institution of Washington. 

If an attempt is made to regard Hill’s work as a whole and 
to try to find out his point of view, one thing stands out clearly: 
a desire to obtain exact knowledge about natural phenomena, 
in however limited a field, which could be expressed in a 
numerical form. He never seemed to hesitate about making 
long calculations and apparently had a positive liking for 
obtaining his results to many places of decimals. But unlike 
the tendencies of those who engage much in computation, his 
mind did not seem to get cramped by figures. Not only 
could he see both trees and wood, to adopt a familiar simile, 
but could trace paths in the wood and keep his eyes open for 
roads which led in directions other than that he was exploring. 
He had remarkable ability for algebraic manipulation which 
reached its highest manifestation in the memoir on the perigee 
ofthe moon. The more modern sides of mathematics appealed 
to him but little; if a formula or a series could be reduced to 
numbers, such questions as convergence did not trouble him 
much, a point of view which has later been fully justified by 
Poincaré. He seemed to take but little color from the work 
of others. Even when, as in many cases, he starts with the 
results of some previous investigator his writing shows only 
slight influence of the source of his ideas; it is individual and 
carries the reflection and methods of his own mind. 

Hill never married. He lived much alone, but while resident 
in Washington would take long walks on Sunday, often with 
one or two companions. He was fond of botany without 
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being a collector of specimens and found his chief outdoor 
recreation in the study of nature. He made two long canoe 
trips in the northwest of Canada. A carefully written diary 
illustrated with photographs of the second expedition which 
took him by rivers and lakes from Lake Superior to Hudson’s 
Bay, is amongst the books which he left in his will to Columbia 
University. 

He was president of the American Mathematical Society 
from 1894 to 1896, and served as lecturer on celestial mechanics 
in Columbia University from 1898 to 1901. The manuscript of 
his lectures shows that they must have cost him much labor; 
it contains long algebraic developments and is apparently 
intended to be a more or less complete account of the methods 
by which the motions of the moon and planets are calculated. 
His numerous honors include foreign membership in the Royal 
Society, the Paris Academy, and the Belgian Academy. He 
received the Schubert Prize (Petrograd), the Damoiseau 
Prize (Paris), the Gold Medal of the Royal Astronomical 
Society and in 1909 the Copley Medal of the Royal Society. 

His chief characteristic was a single-minded devotion to 
the subject which he had made his own. A highly sensitive 
conscience was always apparent in his dealings with the world: 
one year he refused to accept the salary of his lectureship at 
Columbia because no students then appeared to attend the 
course, and this in spite of the fact that the endowment left 
him absolutely free to lecture or not as he chose. In later 
years, he rarely left West Nyack, owing to ill health. He died 
on April 16, 1914, from heart failure and was buried near the 
graves of his ancestors not far from his home. 

E. W. Brown. 


DICKSON’S LINEAR ALGEBRAS. 


Linear Algebras. By L. E. Dickson, Ph.D. (No. 16, Cam- 
bridge Tracts in Mathematics and Mathematical Physics.) 
Cambridge, University Press, 1914. 8vo. viii-+ 73 pages. 

And still they read, and still the wonder grew, 
That one small tract contain so much. . 
A SUBSTANTIAL and systematic introduction to general 
linear algebras, associative and non-associative, a revision of 
Cartan’s theory of linear associative algebras over the field of 
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. complex numbers, the results of Wedderburn’s theory of such 
algebras over a general field, the relation of linear algebras to 
finite and infinite groups and bilinear forms, the consideration 
of various special algebras and a wealth of historical and bib- 
liographical references in footnotes—in seventy-three pages! 

The space at the author’s disposal was doubtless limited. 
To have compressed so much material into it is indeed an 
achievement. With such an end in view the author could not 
afford to bandy words. He must needs make a point of being 
brief. And he has made this point well. His sentences are 
concise, and more often than not are condensed by the use of 
symbols rather than words or, now and then, by some ingenious 
form of brevity. The neatest of these is the use of (31), (82), 
etc., to denote “ the first of the formulas (3),”’ “ the second of 
the formulas (8),” etc. The equality sign is called upon to 
do duty in various réles: thus, to denote the equivalence of 
two references, “ Proc. London Math. Soc., . . . (= Coll. Math. 
Papers, . . . )’”’; or to indicate the coordinates of a point, “the 
point C = (¢, d).” 

In attempting to attain to brevity, an author runs the danger 
of sacrificing clearness. Doubtless it is to avoid this pitfall 
that some authors spare no space in inserting every last bit 
of reasoning in their proofs and discussions. But a text-book 
from the pen of such an author affords the reader merely 
mental entertainment, whereas, in the reviewer’s opinion, the 
ideal text-book on any except the elementary subjects should 
also require of the reader mental exercise. And often the more 
vigorous the exercise required, provided it remains within the 
possibilities of the reader, the more really lasting and beneficial 
is the entertainment. 

Needless to say, the book under review is of the entertain- 
ment-plus-exercise type. The author demands continually 
of the reader that he supply bits of reasoning. But he is 
always very careful to make adequate suggestion as to their 
nature, usually by reference to previous sections and formulas. 
Thus actual clarity does not suffer; there is not an obscure 
place in the tract if one reads every word at its full value. 
Especially is the author to be complimented on his able re- 
vision of the complicated theory of Cartan in Part II. 

For a complete understanding of a book, a reader needs not 
only to master the details but, as he reads, to strip them of their 
unessentials and assign them to their proper place in a skeleton 
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structure of the whole subject, so that in the end he will see 
the aims, methods and facts, their significance and relative 
value, in a true perspective. Naturally he must do most of 
this digestive work himself, but the author may furnish him 
invaluable help by appropriate comments now and again. 
To do this, and do it well, is no easy task at the best. Still it 
is simpler, certainly, in a book of the type under review, in 
which the abstraction from the unessentials is already partly 
done, than in one of the purely entertainment type, in which 
such abstraction is rendered exceedingly difficult by the great 
mass of detail. But the present author makes no use of this 
advantage; in fact he makes next to no attempt to keep the 
reader properly oriented. As a result, his book presents 
always one and the same aspect, a desert of statement and 
proof with not a refreshing oasis in sight, where the reader 
may pause to rest and take account of stock. An amount of 
space, equivalent, say, to a half dozen unbroken pages, devoted 
to “oases” distributed judiciously throughout the book, 
would, in the reviewer’s opinion, improve it greatly in raising 
the quality of clearness of the whole up to the standard of that 
attained in the details. 

The tract is divided into four parts. Part I contains 
“ definitions, concrete illustrations and important theorems 
capable of brief and elementary proof.” It deals with the 
general linear algebra, associative and non-associative. Now 
the associative algebras of real interest are those possessing 
principal units, for in such an algebra without a principal unit 
division, if possible at all, is not unique. But with the intro- 
duction of non-associative algebras into the discussion, the 
presence or absence of a principal unit takes on new meaning. 
Hence in reading this first part, the beginner should keep an 
eye peeled for the appearance and disappearance not only of 
“ associative,” but also of “ principal unit.” In Part II we 
find the heart of the general theory, presented from Cartan’s 
point of view. for linear associative algebras over the field of 
complex numbers. The author chooses Cartan’s treatment 
rather than those of Molien, Wedderburn, or Frobenius, 
because it.alone remains within the bounds of linear algebras 
for its methods and proofs. The other treatments depend 
in whole or in part on the theory of groups or bilinear forms, 
and it is ‘the purpose of the writer not to appeal to these to 
establish his results. The relations of these allied the- 
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ories to linear algebras are adequately discussed, however, 
in Part III. Part IV contains the statement and elucidation 
of Wedderburn’s results concerning linear algebras over an 
arbitrary number field. Numerous examples, illustrative of 
the theory, are given in smaller print throughout the book. 

Part I begins with the development of the system of ordinary 
complex numbers. We are disappointed to find that the 
method of procedure here does not wholly conform to that used 
later in developing the system of general hypercomplex 
numbers. In this latter method the n-tuple form (21, 22, ---, 
Zn) of the hypercomplex number z is discarded just as soon as 
the processes, addition and multiplication by a scalar, re- 
quisite to obtain the more useful form x = e;%; + e2%2 + --> 
+ én2n, Where €1, €2, «++, én are the n units, have been defined. 
But in the development of the ordinary complex numbers 
(and also in that of the matric algebra which follows in §§ 3, 4) 
there is no explicit mention made of multiplication by a scalar, 
and the couple form (a, b) of the complex number is retained 
almost to the end. 

In §2 a set of complex numbers is defined as a number 
field “if the rational operations can always be performed 
unambiguously within the set.” The reviewer has racked his 
brain in a vain attempt to conceive a reason for the insertion 
of “unambiguously.” If a rational operation on ordinary 
complex numbers—the definition can refer only to these, 
since no others have as yet been defined—is performable at 
all, i. e., if it is not division by zero, then the result is certainly 
unique. 

The author adheres rigorously to the use of the concept of 
number field throughout.. Thus, he defines (§ 5) as a linear 


algebra* over the field F the set of all numbers Drie, with 


coordinates x in F, subject to combination by suitably de- 
fined addition, subtraction, multiplication by a scalar in F, 
and by a distributive multiplication with the multiplication 
table ee; = Dy Vise (i,j = 1, ---, n; y’s in F). 

1 


In such an algebra, right-hand division, i. e., solution of 
zx’ = y (y + 0) for 2’, is possible and unique if and only if the 


right-hand determinant of z, A(z) = | eerie Gj, k= 1, +>, 





* From now on in this review “algebra” will be used in the sense of 
“linear algebra.” 
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n),is not zero. The left-hand determinant A’(z) is similarly 
related to left-hand division (§ 6). The number ¢, if it exists 
such that ze = ex = x for every number z of the algebra, the 
author sometimes calls “ principal unit,” but just as often 
“ modulus,” a term aptly and justly described by Study as 
“den auf alles Mégliche angewendeten Ausdruck ‘ Modul.’’’* 
A necessary condition that there exist a principal unit is that 
both kinds of division be, in general, possible. The condition 
is proved sufficient if the algebra is associative, but for a non- 
associative algebra the author does not enlighten us (§ 7). 

In §8 linear transformation of the units of an algebra is 
considered and the equivalence of two algebras under such 
linear transformation defined; in §§ 9, 10 it is noted that the 
general number z of an associative algebra is the root of an 
equation of degree < + 1 and satisfies any algebraic iden- 
tity in an ordinary complex variable made up of functions 
without constant terms, or if the algebra moreover con- 
tains a principal unit, is a root of an equation of degree 
< n and satisfies any algebraic identity in an ordinary com- 
plex variable. By application of these results the author 
shows, in § 11, that every number of an associative algebra 
over the field F(a) of real numbers, which has no nilfactors 
(divisors of zero), is a root of a quadratic equation, and 
hence obtains a neat proof that the only such algebras 
are F(a) itself, the field F(z) of ordinary complex numbers, 
and the algebra of real quaternions. In $12 we find a 
discussion of the simplest properties of real quaternions, in 
§13 a proof that the complex quaternion algebra and the 
complex matric algebra with four units are equivalent, though 
their real sub-algebras are not. In § 14 the author represents 
Cayley’s eight unit algebra, a non-associative generalization 
of real quaternions, as a “ quasi-binary algebra with real qua- 
ternion coordinates ” and thus gives simple and pretty proofs 
that this algebra contains no nilfactors and that in it, too, the 
norm of a product equals the product of the norms. 

We now return to the general theory and introduce the 
right and left-hand characteristic determinants and equa- 
tions 5(w), 5’(w), 5(w) = 0, 5’(w) = 0, where 5(w) and 6’(w) 
are derived from A(x) and A’(x) by subtracting w from each 

* Encyklopadie der math. Wiss., I, A, 4, p. 162. 


{ It is a simple matter to construct an example to show that the con- 
dition is not cient for a non-associative algebra. 
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element of the principal diagonals. The general number of an 
associative algebra is a root of both 6(w) = 0 and 6’(w) = 0. 
Suitable variations of this theorem for an algebra with a 
principal unit and for an arbitrary algebra are given. In 
$17 a function of the z; and the 7, which reproduces itself 
under an arbitrary linear transformation of units with a 
factor depending only on the coefficients of the transformation 
is called a covariant (invariant, if it involves only the 7’s). 
The determinants A(z), A’(z), 5(w), 5’(w) are absolute cova- 
riants of the general algebra. The proof given in § 16 of 
this is incomplete,* since the statement “‘ let A(x) be not iden- 
tically zero, so that there exists a modulus” assumes the 
algebra associative and hence leaves the theorem unproved for 
non-associative algebras for which A(z) = 0. The theorem is 
applied in § 18 to obtain the three (two) types of non-equiva- 
lent binary algebras over F(a)[F(i)] with a principal unit. 

The rank r of an associative algebra is the least positive 
integer such that 2” is a linear combination of lower powers of 
whose coefficients are rational functions of x, ---, 2, with 
coefficients in F. The corresponding equation R(x) = 0 is 
called the rank equation. If the algebra has a principal unit, 
R(w) = 0, 5(w) = 0, 6’(w) = O all have the same distinct roots. 
As an application, the author gives Study’s classification of 
complex ternary associative algebras with a principal unit 
into five non-equivalent types according to the five possi- 
bilities for the degree and the multiplicity of the roots of the 
rank equation (§ 20). 

The author defines an associative algebra with units and a 
principal unit as reducible in its field F if it contains n numbers 
€1, «++, €p; Ex, «++, Eq, linearly independent with respect to F, 





* The author’s proof goes astray in assuming the existence of a princi 
unit. But the only use he makes of this assumption is to show, after he 
proved that D(X) = cA(z), where c depends only on the coefficients c;; 
of the transformation of units, that c = 1. Now, by eyes c is the 

uotient of a homogeneous expression of degree 2n in the ¢; ~ | ce; 

ince ¢ cannot vanish unless |c;;| vanishes—otherwise we could exhibit 
values for the 2:, ij for which A(z) + 0, while D(X) = O—and |e;;| is 
irreducible, c = k\ci;\', where k is independent of the c;; But evidently 
l = 0, and, by applying the identical transformation of units, k = 1. 

Professor Dickson’s proof holds for any algebra with a principal unit. In 
a letter to the reviewer he points out that the case of an algebra without a 
principal unit may be treated by enlarging it to an algebra with a princi 
unit by adjoining a new unit (as in the proof of Theorem 3, § 15), and 
ealls attention to a later proof by Miss Hazlett, Annals of Mathematics, 
vol. 16 (1914), p. 2. 
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such that ¢,E; = Eye; = 0, (¢ = 1, ---, p; j= 1, ---, g), and 
proves that such an algebra is the direct sum of two algebras.* 
He then sets up Scheffer’s criterion for reducibility. In § 22 
the direct product of any two algebras is defined and Wedder- 
burn’s generalization of Scheffer’s theorem identifying an 
associative algebra, which has the quaternion algebra as a sub- 
algebra and its principal unit as principal unit, as the direct 
product of the quaternion algebra and a second algebra. 

In the last main paragraph (§ 23) of Part I a set of normal- 
ized units for any algebra is developed. Since their main pur- 
pose is to form a point of departure for Part II, we have need 
to describe them here only for an associative algebra with a 
principal unit «. Suppose that the solutions of 5(w) = 0 for 
a particular number a of the algebra are w:, ---, w, of multi- 
plicities m1, ---, m,, and consider one of these solutions, say 
@;. Now a— ws is a nilfactor, that is, there exist solutions 
y + 0 of (a — wie)y = 0 or ay = wy; take a complete system 
of solutions y, say ¢ in number, as the first ¢ of the new units 
€1, €2, «+. If t< m, there exist solutions z of az = wz 


t 
+ p» cei; take a complete system of solutions z, say f, in 


number, for the next ¢, of the new units. If t+ t, < m, 
repeat; we will finally obtain m; numbers a, ay’, ---, ai“, 
such that (a — w,e)a;™ is a linear function of the preceding 
a;’s. Similarly, there exist, corresponding to the root w;, m; 
numbers aj, a;’, -+-, aj°%—, such that (a — wea; is a 
linear function of the preceding a;’s. The n = m+ m+ 
--+ -+ m, new units thus obtained are linearly dependent; they 
are termed a set of units normalized relatively to the number a. 

Part II consists of a “ revision of Cartan’s general theory of 
complex linear associative algebras with a modulus.” In § 25 
units having a character are developed. Denote the principal 
unit, expressed in terms of the units of § 23, by « = 6, + e€ 
+ --+ + &, where ¢; is a linear combination of thea,’s. (The 
€; are called the partial moduli.) Then the number 7 is said 
to have the character (j, k) if € = 7, nex = 7, and every 
other combination of 7 with an ¢; by multiplication is zero. 
Now ¢a;9 = a;,, ea; =0 and in particular «7 = ¢€;, 

*He might have generalized the definition by demanding, instead of 
the existence of a principal unit, the existence of two numbers e, E, where 
e (E) is a linear function of the e;(E;) with coefficients in F, which is not a 


nilfactor with respect to all other such linear functions, and the proof would 
still hold with but slight variation. 
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€,¢; = 0; furthermore there exist m; linearly independent 
linear combinations of the a;, such that the product of any 
one of them into a certain ¢; gives itself, and its product into 
any other e; gives zero, i. e., such that they have definite char- 
acters (i, -). Hence we have obtained » new units «&, é, 
++, €hy 71, ***, Me each having a definite character. We wish 
further to show that we can choose the 7’s so that each is 
nilpotent, i. e., so that some power of it is zero. Now the 
square of every 7 of character (i, 7), 1 + j, is zero, since the 
product of a number of character (i, 7) by a number of char- 
acter (k, 1) is zero, if 7 + k. And since the sum or product of 
two numbers of like character, if not zero, is of that character, 
all the numbers of character (7, 7) of the algebra form a sub- 
algebra 2;; it is possible to choose the units of this sub-algebra, 
other than ¢;, as nilpotent numbers. Thus we have arrived 
at.a set of normalized units consisting of the partial moduli 
and n — kh nilpotent numbers each having a definite char- 
acter. We shall refer to such a set of normalized units as 
being of type K. 

We now separate algebras into two categories, according as 
the determinant A(x) does not or does contain a non-linear 
irreducible factor. To prove the principal theorem for al- 
gebras A, of the first category, i. e., that for such an algebra 
a set of units of type K can be found having the further prop- 
erty that 7,7; is a linear function of those 7’s whose subscripts 
exceed i and 7 and have the same character as yi; (property 
I), the author shows that the nilpotent numbers of A; form a 
sub-algebra N, for which units 7 of definite characters en- 
joying the property L can be found. Conversely, if an algebra 
is given possessing a set of units of type K enjoying the prop- 
erty L, the yi; of the multiplication table are determined 
(except for the non-vanishing ones in the 7;) and inspection 
shows that 6(w) = (2; — w)"--- (a, — w)™, that is, that 
the algebra is of the first category. An algebra such as N is 
called nilpotent. 

To every irreducible factor of the characteristic determinant 
for an algebra Az of the second category, corresponds a sub- 
algebra of A>, just as in the case of an algebra A;. But here 
at least one of these irreducible factors is not linear. Each 
sub-algebra corresponding to such an irreducible factor 
contains linear combinations of nilpotent numbers which are 
not nilpotent. These numbers are peculiar to algebras A: 
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and form the basis of Cartan’s treatment of them. The 
details of the treatment are too intricate to permit of an 
adequate description in a brief space. We content ourselves 
with a statement of the principal results. First, any algebra 
A; contains a sub-algebra equivalent to a matric algebra with 
more than one unit. Hence Cartan’s classification of algebras 
into those of the first and second categories coincides with that 
of Scheffers into those without and with quaternion sub-alge- 
bras. As the final result we have a process by means of which 
the algebras A, may be derived from the algebras A;: the 
general number of an A; is obtained from the general number 
of an A, expressed in terms of units of type K having the 
property L, “‘ by regarding the coefficient of €; to be a square 
matrix of p;* elements and that of m, of character (2, 7), to 
be a rectangular matrix of p; rows and p; columns, these 
matrices to be regarded as commutative with each € and 7.” 
Thus we obtain from the units of an A,, the multiplication 
table and the characteristic determinant corresponding to 
them, the units, multiplication table and characteristic de- 
terminant of an Ap. 

In §§ 49, 50 the composition of an algebra with respect to 
the presence or absence of invariant sub-algebras is discussed. 
A sub-algebra I of an algebra A is termed. invariant if the 
product of any number of J and any number of A in either 
order is a number of J. An algebra having no invariant sub- 
algebra is called simple and one having no nilpotent invariant 
sub-algebra semi-simple. A general algebra, A; or Az, is 
the sum, but not necessarily the direct sum, of a semi-simple 
algebra and a nilpotent invariant sub-algebra. A semi-simple 
algebra, if not simple, is the direct sum of simple algebras 
and conversely. Finally, a simple algebra is matric, unary 
if an A;, non-unary if an A», and conversely. 

In concluding Part II the author shows that a commutative 
algebra must be an A; and, in particular, an A; which is the 
direct sum of its sub-algebras 21, ---, Zn. 

Part III begins with a consideration of the correspondence 
between associative algebras and linear groups. To each 
number y of any algebra correspond two linear homogeneous 
transformations (y), [y] of the variables 2, ---, z, into the 
variables 2,’, ---, xn’, defined by the equations obtained from 
the products xz’ = zy, x’ = yx. If the algebra is associative, 
the set of transformations (y) is closed and so is the set of 
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transformations [y]. If further the algebra contains a 
principal unit, there corresponds to it in each set the identical 
transformation, and hence the inverse of any transformation 
corresponding to a non-nilfactor exists (and belongs to the 
same set). Thus the two sets of transformations (y), [y], 
corresponding to the non-nilfactors y, form groups G, G’. 
These groups are simply transitive, mutually commutative 
(reciprocal in the sense of Scheffers), and each is its own para- 
meter group. Conversely, any two simply transitive reci- 
procal groups of linear transformations can be transformed 
by the same change of variables into a pair of groups G, G’, 
defined by an associative algebra with a principal unit. A 
classical example of the representation of linear transformations 
by hypercomplex numbers is then given: if g and Q are variable 
and 4:1, 92 given quaternions, then Q = q: q g2 represents the 
7-parameter group of transformations of similitude in R, 
leaving the origin invariant; the group represented by the 
equation when, in particular, g; and g2 are conjugate and q 
and Q vectorial quaternions, is not the corresponding group 
in R;, as the author states, since it does not contain the stretch- 
ings from the origin but only the rotations about it. 

Section 53 shows that the theory of bilinear forms is equiv- 
alent to that of matrices and also, in the last analysis, to that of 
associative algebras; section 54 explains the relations between 
finite groups and their group matrices to linear algebras; and 
section 55 treats of Dedekind’s idea of considering the relations 
giving the values of the products ee; (i, 7 = 1, ---, m) of the 
units of a commutative associative algebra as ordinary 
algebraic equations in the units as unknowns. 

The decomposition of a linear associative algebra over a 
field F within this field is precisely the same as that given 
above (§ 50) for a complex associative algebra within the field 
F(i), except that instead of the last statement we now have: 
any simple algebra over F is the direct product of a division 
algebra and a simple matric algebra, each over F, and con- 
versely. A division algebra is one without nilfactors. The 
relation of the particular case, F = F(i), to the general one is 
made clear by the fact that the only division algebra over 
F(i) is F(2) itself. Further, if F is the field F(a) of all reals, 
the only division algebras, besides F(a), are F(z) and the alge- 
bra of real quaternions. Now, since it can be shown that a 
commutative matric algebra has a single unit, it follows that 
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any real commutative algebra without nilpotent numbers is the 
direct sum of unary algebras equivalent to F(a) and binary 
algebras equivalent to F(z). Weierstrass showed that a 
real commutative associative algebra, possessing a principal 
unit and such that the only algebraic equations with an 
infinitude of the numbers of the algebra as roots are those in 
which the coefficients are multiples of one nilfactor, is equiva- 
lent within F(a) to just such a sum of real unary and binary 
algebras and conversely. 

In §§ 58-60 are given examples of various types of division 
algebras previously published by the author. In § 61 results 
concerning difference algebras, the composition, difference 
and reduction series of an algebra are given, and, in particular, 
- Wedderburn’s theorem to the effect that an associative algebra 
over F can be decomposed in one and but one way into the 
direct sum of irreducible algebras with principal units and, 
if the given algebra has not a principal unit, an algebra without 
a principal unit. The closing section (§62) of the tract 
contains brief mention of the work of Berloty, Scheffers, and 
Hausdorff on analytic functions of hypercomplex numbers. 

Attention is called to the following misprints: page 4, line 8, 
read of instead of by; page 24, last line, #—2Zé instead of #+ 
2Lé; page 32, last line, e; instead of e; § 26, last line, e3¢, instead 
of ese; § 33, third line, — w® instead of w*; § 33, fifth line, omit 
“the” before “ normalized units”; page 43, “ (71) ” applies to 
both equations; page 48, ninth line from bottom, insert “ vari- 
ables ” before [2, 2]. In § 6, the condition y + 0 is omitted; 
on page 41, in the statement of the lemma, u + 0, and in § 57, 
k +0. In light of the complexity of the subscript notation 
needed, it is surprising that there are so few typographical 
errors. As the author says, in closing the introduction, “the 
quality of the printing speaks for itself.”” There is no index, 
but the table of contents is so detailed that it practically 
takes the place of one. 

We have already pointed out the lack of general comment; 
in this connection we wish now to note the meagreness of the 
treatment accorded to nilfactors. We should like to have 
seen such an important concept introduced at the first op- 
portunity, namely in § 4, by calling attention to the fact that 
the algebras given as examples differ essentially, in that the 
matric algebra contains nilfactors whereas F(z) does not. And 
it would be natural for us to introduce the definition of nil- 
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factors in §6 in connection with A(z) and A’(z), and point 
out that they are simply the numbers for which these deter- 
minants vanish. As a matter of fact, nilfactors are not defined 
until § 19 and then only for an associative algebra with a prin- 
cipal unit ¢, whereas the concept may be extended to any 
algebra; we learn there that z — we is a nilfactor if and only 
if w is a root of the rank equation. This is the first and last 
mention of “ nilfactor” in PartsI, II. It is not even pointed 
out that the nilpotent number is a special type of nilfactor. 
We learn that a necessary and sufficient condition that a 
number be nilpotent is that every root of its characteristic 
equation be zero, but nowhere are we told that the correspond- 
ing condition for a nilfactor is that one root of its character- 
istic equation vanish. 

The conditions on the +;;x, that multiplication be associative, 
all but escape mention; we find them buried in a proof on page 
59. If the author was to accord them a place at all—as he cer- 
tainly should—should it not be their natural one in § 5, where 
roultiplication is defined and discussed? Finally, the following 
points did escape mention: an associative algebra with n 
units with (without) a principal unit, which is of rank n(n+1), 
is commutative; a binary algebra with a principal unit is 
associative and commutative (essential to the complete under- 
standing of § 18). 

Though we have had differences with the author, we are in 
the main at one with him. He has written an able and com- 
prehensive book on an abstruse subject, and a book which 
satisfies a long felt need, as an introduction and also as an 
up-to-date book of reference. It should prove invaluable to 
the beginner and advanced student alike. 

W. C. GravsTEIN. 
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SHORTER NOTICES. 


Wissenschaft und Methode. Par H. Poincare. Autorisierte 
Deutsche Ausgabe mit erliuternden Anmerkungen von F. 
und L. Lindemann. Leipzig und Berlin, Teubner, 1914, 
vi+283 pp. 5 Marks. 


Tuis is a straightforward translation of the Science et Mé- 
thode of Poincaré, and although the original has never been 
reviewed in the BULLETIN, it is scarcely necessary at this late 
date to do so, since every one is familiar with it. In case one 
were not, he needs only to be informed that the book is the third 
in the famous series of Poincaré on Science and Hypothesis, 
the Value of Science, Science and Method, and Last Thoughts. 
The chief principle of this work is the substantial identity of 
the methods of science and those of mathematics. The re- 
markable address on mathematical invention occurs here, in 
which Poincaré states his views of how mathematical creation 
takes place, illustrating his remarks from his own experience. 
In brief the explanation is that after a long and severe study 
of the nature of a problem, one need not keep on hammering 
away indefinitely, but should remember that if the right idea 
for the solution ever comes, it will flash out suddenly and at 
even inopportune moments, often many days, or weeks, or 
even years, after the first consideration of the problem. He 
explains the attractiveness of the right idea when it comes 
before the mind, by ascribing to our esthetic sense the power 
of arresting and holding such ideas as fit in with the harmony 
of the intellectual world we build. It then becomes the func- 
tion of our logical faculty to verify formally the truth .of what 
has presented itself to us in this way. 

The same general notions underlie his statement of the 
method of the scientist whether in the selection of his facts 
or in the general development of his theories. The first part 
of the book discusses from this standpoint the scientist and 
his work. The second part discusses mathematical educational 
method. The third part discusses the mechanics of the re- 
lativity theory. The fourth part consists of two chapters: in 
one, a study of the Milky Way by the kinetic theory of gases; 
in the other, a description of the precise methods of a geodetic 
survey. Each of these parts contains the well-known ideas of 
the author in various places. Each part has the stimulating 
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character of all of the philosophical work of the eminent mathe- 
matician, physicist and philosopher. It is a rare occurrence 
for one so profound in each of these lines to be also so skilled 
in presenting as clear an exposition of the working of the in- 
tellect. The best criticism we can make on the book is that 
no one can afford to be without it or the original. 

JAMES ByRNIE SHAW. 


A Text Book of Mechanics. By Louis A. Martin, Jr. Vol. 5, 
Hydraulics. New York, John Wiley and Sons, 1914. 12mo. 
223 pp. 


Tuis is the concluding volume of a series, the earlier volumes 
of which (Statics, Kinetics, Mechanics of Materials, Applied 
Statics) have been previously reviewed in this BULLETIN.* 

Approximately 50 pages are devoted to the discussion of 
liquids at rest; the force exerted by a liquid upon a plane or 
curved surface; methods of measuring pressure and locating 
the centre of pressure; applications to gates, locks and dams; 
floating bodies and the conditions for stability. ‘The remainder 
of the book treats of liquids in motion, starting with an ele- 
mentary discussion of the free surface of liquids moving with 
acceleration. Then comes Bernouilli’s classic theorem on the 
flow of liquids, followed by a treatment of flow through orifices, 
various formulas for weirs of several types, flow through pipes 
with applications to hydraulic transmission of energy and cal- 
culation of losses in pipe lines, force exerted by a moving liquid 
upon pipes and on stationary deflecting surfaces, axial or 
radial flow, impulse wheels and turbines, and their design. 
There is a good set of problems for a final review. 

As in the earlier volumes, the exercises distributed through 
the text play a vital part in the course, giving students a 
chance to work out parts of the subject for themselves. These 
exercises are not too difficult, having been introduced so care- 
fully as to fall within the power of average students. We 
should add that throughout the series of texts the author 
presupposes practically no knowledge of physics, stating care- 
fully the basic principles which are to be employed. 

The mathematical equipment assumed, however, steadily 
increases through the series, so that the first volume may be 
studied before the first course in calculus, while this last 
volume assumes a very fair knowledge of integral calculus. 


* Vol. 16 (1909), pp. 144-7; vol. 21 (1914), pp. 140-3. 
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The present volume, like those which preceded it, gives every 
indication of representing an actual course, skillfully taught. 
The series of volumes afford a most satisfactory introductory 
course in theoretical and applied mechanics. 

F. L. Grirrin. 


NOTES. 


Tue closing (June) number of volume 16 of the Annals of 
Mathematics contains the following papers: “ Projective classi- 
fication of cubic surfaces modulo 2,” by L. E. Dickson; 
“Normal forms for one- and two-sided surfaces,” by J. W. 
ALEXANDER, IT; “Minima of double integrals with respect to 
one-sided variations,’ by C. A. Fiscner; “A new proof of 
Sylow’s theorem,” by G. A. MiLiEeR; “Non-linear integral 
equations of the Volterra type,” by H. Gavasrxran; “On 
some general theorems concerning ordinary closed curves,” 
by ARNoLD Emcu. 


Proressor ARTHUR RanvuM, of Cornell University, has been 
appointed an associate editor of the Transactions of the Amer- 
ican Mathematical Society. 


At the meeting of the London mathematical society held 
on April 22 the following papers were read: “Note on Dirich- 
let’s division problem,” by G. H. Harpy; “Note on a new 
form of closed linkage,” by R. L. Hirristey; “ Division of the 
lemniscate into seven equal parts,” by G. B. MatrHews; 
“The influence of the oceanic waters on the law of variation 
of latitude,” by J. Larmor. 


At the meeting of the Edinburgh mathematical society on 
May 14, the following papers were read: “On the roots of a 
derivative of a rational function,” by L. R. Forp; “Study 
of the life and writings of Colin Maclaurin,” by C. TwWEEDIE; 
“Recurrence formulas for the functions which represent 
solutions of the differential equation d?u/dz? — a’u = p(p 
+ 1)u/z?,” by H. T. Fuunt; “Two simple nomograms,” by 
E. T. WHITTAKER. 

Tue eighty-fifth annual meeting of the British association 
for the advancement of science will be held at Manchester, 
September 7-11, under the presidency of Professor A. Scuus- 
TER; Sir F. D. Dyson is chairman of section A, mathematical 
and physical sciences. 
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Tue following courses in mathematics are announced for 
the present summer semester: 


University OF Breruin.—By Professor H. A. Scuwanz: 
Integral calculus, with exercises, six hours; Applications of 
elliptic functions, four hours; Elementary geometric treat- 
ment of certain problems in maxima and minima, one hour; 
Colloquium, two hours; Seminar, two hours.—By Professor 
G. Fropentus: Analytic geometry, four hours; Seminar, two 
hours.—By Professor F. Scuorrxy: Theory of ellliptic func- 
tions, four hours; Plane differential geometry, two hours; 
Seminar, two hours.—By Professor J. KNoBLaucH: Par- 
tial differential equations, four hours; Theory and applica- 
tion of determinants, four hours; Selected chapters from the 
theory of surfaces, one hour.—By Dr. A. Byx: Non-euclidean 
geometry and mechanics, one hour.—By Dr. B. GEHRCKE: 
Elements of higher mathematics, two hours.—By Dr. C. 
Knopp: Ordinary differential equations, four hours; Theory of 
functions, four hours—By Dr. D. Rorue: Differential 
calculus, with exercises, five hours. 


University oF Bonn.—By Professor E. Stupy: Differential 
geometry, four hours; Seminar, two hours.—By Professor F. 
Lonpon: Elements of differential and integral calculus, four 
hours; Axonometry and perspective, two hours.—By Pro- 
fessor I. Scnur: Algebraic equations, four hours; Theory of 
sets, two hours; Seminar, two hours.—By Dr. J. O. M@LLeR: 
Selected chapters of integral calculus, one hour; Introduction 
to differential equations, three hours; Seminar, two hours. 


UNIVERSITY OF FRANKFORT.—By Professor A. SCHOEN- 
FLIES: Differential calculus, with exercises, five hours.—By 
Professor L. BreBerBacu: Algebra, four hours; Algebraic 
curves, two hours; Seminar, two hours.—By Professor E. 
HeELuNGER: Theory of functions, five hours; Seminar, two 
hours.—By Dr. O. SzAsz: Analytic geometry, with exercises, 
five hours.—By Professor E. BRENDEL: Spherical astronomy, 
two hours; Mathematics of insurance, with exercises, four 
hours. 


University oF G6rTINGEN.—By Professor D. HiLBert: 
Calculus of variations, four hours; Selected chapters on the 
structure of the plane, two hours; Seminar, two hours.—By 
Professor E. Lanpavu: Applications of the calculus and the 
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theory of functions to the geometry of numbers, six hours; 
Seminar, two hours.—By Professor C. CaraTHf£opory: Theory 
of functions, four hours; Partial differential equations of the 
first order, two hours; Seminar, two hours.—By Professor C. 
RunceE: Calculus, with exercises, six hours; Seminar, two 
hours.—By Professor L. Pranpti: Elementary mechanics, 
four hours; Seminar, two hours.—By Dr. H. v. SanpEn: 
Numerical calculations, with exercises, six hours.—By Dr. 
E. Hecke: Analytic geometry, with exercises, five hours.— 
By Dr. L. Courant: Partial differential equations of mathe- 
matical physics, four hours; Selected chapters of the theory of 
functions, two hours——By Dr. F. Brrnster: Analytic 
foundation of the theory of probability, two hours; Mathe- 
matics of insurance, two hours; Seminar, two hours. 


University or Lerpzic.—By Professor O. H6tpEr: Higher 
algebra, four hours; Applications of the theory of elliptic 
functions, three hours; Seminar, two hours.—By Professor 
K. Roun: Plane analytic geometry, with exercises, five hours; 
Descriptive geometry, with exercises, four hours; Deter- 
minants, two hours.—By Professor G. Herctorz: Theory of 
numbers, four hours; Definite integrals and Fourier series, 
two hours; Seminar, two hours.—By Dr. K. BLascHKe: 
Ordinary differential equations, with exercises, six hours; 
Algebraic analysis, two hours. 


University oF Municu.—By Professor F. LinpEMANN: 
Analytic geometry of space, five hours; Theory of elliptic 
functions, five hours; Seminar, two hours.—By Professor A. 
Voss: Analytic mechanics, four hours; Introduction to hydro- 
dynamics, three hours; Seminar, two hours.—By Professor A. 
PrinGsHEmM: Higher algebra, II, four hours.—By Professor 
H. Brunn: Elements of higher mathematics, three hours.— 
By Professor G. Hartocs: Synthetic geometry, four hours.— 
By Dr. F. Boum: Theory of probabilities, four hours; Seminar, 
two hours.—By Dr. H. Dincter: Elementary mathematics, 
four hours; Mathematical treatment of observational data, 
two hours.—By Dr. A. RosentHat: Differential calculus, with 
exercises, five hours. 


Proressors L. Pranptu and E. Lanpav, of the University 
of Gottingen, have been elected to membership in the Gét- 
tingen academy of sciences. 
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Tue Helmholtz medal of the Berlin academy of sciences 
has been awarded to Professor M. PLANCK. 


To the list of anniversaries of German professors of mathe- 
matics chronicled in the May BULLETIN should be added the 
celebration by Professor F. Mertens, of Vienna, of his 
golden doctor jubilee on November 7, 1914, and his seventy- 
fifth birthday on March 20, 1915, and by Professor GroreG 
Cantor, of the University of Halle, of his seventieth birthday 
on March 3, 1915. 


Tue College entrance examination board has now six 
examiners and twenty-five readers in mathematics, represent- 
ing twenty-two different schools, colleges, and universities. 
Professor J. W. Youne is chief examiner, and Professor 
Viner. SNYDER chief reader in geometry; Professor F. S. 
Woops chief examiner, and Professor C. R. MacInnes chief 
reader in algebra. Harvard, Princeton, and Yale Universities 
will discontinue their own entrance examinations after the 
present year, and will rely entirely on the board examinations. 


Proressor A. D. Prrcner, of Dartmouth College, has been 
appointed professor and head of the department of mathe- 
matics in Adelbert College of Western Reserve University. 
Dr. J. M. Sretson, of the University of Alberta, has been 
appointed instructor in mathematics at Adelbert College. 


Proressor W. M. Sirs, of the University of Oregon, has 
been appointed associate professor of mathematics at Lafa- 
yette College, as successor to the late Professor J. J. Harpy. 


Proressor N. F. Davis, of Brown University, retires at the 
close of the present academic year, after more than forty 
years’ active service. 


At the University of Kansas Professor C. A. AsHTron has 
been promoted from an associate to a full professorship of 
mathematics, and Professor U. G. MitcHeE tt from an assistant 
to an associate professorship of mathematics. Messrs. K. J. 
Houzincer, A. W. Larsen, and L. L. Sremtey have been 
appointed instructors in mathematics. Mr. H. H. Conwe.i 
has resigned his instructorship to accept an assistant professor- 
ship of mathematics in the University of Idaho. 


At Wellesley College Professor Heten A. MERRILL, at 
present on leave of absence, has been promoted to a full 
professorship of mathematics. 
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Dr. H. W. Reppick, of Columbia University, has been ap- 
pointed professor and head of the department of mathematics 
in the Cooper Union, New York City. 

Proressor R. D. CarmicHaEL, of Indiana University, 
has been appointed assistant professor of mathematics in the 
University of Illinois. 

By mutual arrangement between the departments con- 
cerned, Mr. C. H. YEaTon, recently appointed instructor in 
mathematics at Dartmouth College, has resigned to accept 
a similar appointment at Northwestern University, and Mr. 
C. R. Dings, at present instructor at Northwestern University, 
has accepted an instructorship in mathematics at Dartmouth 
College for the coming academic year. 


At Cornell University Drs. C. F. Craic and F. W. Owens 
have been promoted to assistant professorships of mathe- 
matics. 


At the Massachusetts institute of technology Dr. B. B. 
Lissy and Mr. Georce RvuTLepDGE have been appointed 
instructors in mathematics. 


Dr. G. M. ConwELt, of Yale University, has been appointed 
instructor in mathematics in the New York state college for 
teachers. 





NEW PUBLICATIONS. 


I. HIGHER MATHEMATICS. 


Amoroso (F.). Complementi di analisi algebrica elementare, con appen- 
dice sulle sezioni coniche. 2a edizione, riveduta e migliorata. Napoli, 
Pirro, 1912. 16mo. 34+229 pp. 


BrENKEN (E.). Die Erzeugung der Kurven konstanten Gauss’schen 
Kriimmungsmasses auf Flichen zweiten Grades durch elliptische 
Zylinder. ye Bs 1914. 17 pp. M. 1.50 


Coururat (L.). L’algébre de la logique. 2e édition. (Collection Scien- 
tia.) Paris, Gauthier-Villars, 1914. 8vo. 100 pp. Fr. 2.00 


Davison (C.). Subjects for mathematical essays. London, Macmillan, 
1914. 8vo. 3s. 6d. 


D’Enno (J. G. A.). Ein ganz elementares Verfahren zur Lésung des 
grossen Fermat’schen Satzes wie auch zur vollstandigen a 
und Verallgemeinerung des beriihmten Theorems mit Uebungen 
Anwendungen auf die Geometrie fiir die hGheren Klassen der Mittel- 
schulen. Trient, G. B. Monauni, 1912. Gr. 8vo. 23 pp. 


——. Ein neues Verfahren zur Lésung des grossen Fermat’schen Satzes. 
Trient, G. B. Monauni, 1912. Gr. 8vo. 15 pp. 
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Déxp (H.). Grundziige und Aufgaben der Differential- und Integral- 
rechnung nebst den Resultaten, neu bearbeitet von E. Netto. 13te 
Auflage. Giessen, A. Tépelmann, 1912. 8vo. 3+216 pp. 

Gropsxis (G. D.). Integral calculus. Part 1: Integration of functions. 
3d edition. (In Russian.) St. Petersburg, 1912. 8vo. 1+165 pp. 


Herneicus (G.). Uebungsbuch der Analysis der Infinitesimalen. Heraus- 
gegeben von A. Suworin. St. Petersburg, 1912. 8vo. 2+136 pp. 


Mester (F.G.). Hauptsiitze der Elementar-Mathematik zum Gebrauche 
an héheren Lehranstalten. Bearbeitet von A. Schulte-Tigges. Aus- 

B, Oberstufe. 3ter Teil: Grundziige und Anwendung der 
ifferentialrechnung. 2te Auflage. Berlin, Reimer, 1912. 7+84 pp. 


Mousorrer (R.). Eine Skizze der Geschichte der Infinitesimalrechnung. 
Progr. Wien, 1912. 8vo. 21 pp. 


Netto (E.). See Détp (H.). 
wav (N.). Elementar Talteori. Kopenhagen, Gyldendal, 1912. 8vo. 
pp. 

Rostscutn (P.). Textbook of the differential and integral calculus. Part 
1: Differential calculus; Part 2: Integral calculus. (In Russian.) 
St. Petersburg, 1911-1912. 4+730+2+508 pp. 

Scuuute-Ticces (A.). See MEeuter (F. G.). 

Suwort (A.). See Hermvricus (G.). 


Vittani (N.). pe ag 3 di Fermat z* + y* = z* con dimostrazione 
generale. Lanciano, Masciangelo, 1912. 8vo. 21 pp. 

Wentain (W. P.). On the theory of remainders of the eighth degree in the 
pong number fields. (In Russian.) Warsaw, 1912. 8vo. 21+ 

pp. 
Il. ELEMENTARY MATHEMATICS. 

AmuerMAN (C.). See Forp (W. B.). 

Bertranp (G.). Trattato di algebra elementare. Prima traduzione 
italiana con note ed aggiunti di E. Betti. Nuova edizione per cura 
di A. Socci. 15a impressione. Firenze, Le Monnier, 1912. 16mo. 
7 + 531 pp. 

Betti (E.). See Bertranp (G.). 

Brasant (F.G.). See Marcon (C. A.). 

CamMan (P.) et Fassprnper (L.). Algébre et géométrie. Classe de 3e 
A. Paris, Gigord, 1912. 18mo. 87 pp. 

Cuore (R. H.). Junior arithmetic (with answers). London, University 
Tutorial Press, 1912. 8vo. 8+393 pp. 

Dexker (P.). See NreEMOLLER (F.). 

Doxeuscuin (P.A.). Approximations. For gymnasia, Realschulen, trade 
and technical schools. Revised by the author. 2d edition. (In 
Russian.) Kieff, 1912. 8vo. 46 pp. 

FassBINDER (L.). See Camman (P.). 

Fisuer (G. E.) and Scawarr (I.). oar and beyond. Reprint. 
New York, Macmillan, 1914. 12mo. 287 $0.90 


——. Complete secondary algebra. 2d aia mn ew York, Macmillan, 
1912. 12mo. 504 pp. $1.35 
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Forp (W. B.) and AMmerman (C.). Plane and solid nag pare? edited by 
E. R. Hedrick. Reprinted with corrections. New York, Macmillan, 
1914. 12mo. 321 pp. $1.25 


Frenzeu (C.). See Mester (G.). 


FriepMANN (W. G.). Textbook of theoretical arithmetic. For upper 
classes of the boys’ and girls’ gymnasia and Realschulen and for private 
study. (In Russian.) ae, 1912. 8vo. 138 pp. 


Hepricx (E.R.). See Forp (W. B.). 


Jacos (J.). Lehrbuch der Arithmetik fir Laatste und verwandte 
Anstalten. iter Teil: Lehrstoff der 1ten und 2ten Klasse. Wien, 
F. Deuticke, 1912. 8vo. 3+110 pp. 


—. Manuale d’aritmetica per la prima classe delle scuole medie. 
Versione.di R. Marussig. iest, M. Quidde, 1912. 8vo. 3+64 pp. 


Jacos (J.) und ScHiFrFNER ve Lehrbuch der Arithmetik und Geometrie 
fiir Realschulen. Wien, F. Deuticke, 1912. 8vo. 64 pp. 


Jacos (J.), Scuirrner (F.) und Travnicex (J.). Arithmetik und Geom- 
etrie fir Gymnasien und Realgymnasien. Analytische Geometrie der 
Ebene bearbeitet von J. Travniéek. Wien, F. Deuticke, 1912. 8vo. 
4+115 pp. 

Marcon (C. A.) and Brasant (F. G.). Responsions papers in stated 
subjects (exclusive of books), 1906-1911. With answers to mathe- 
matical questions and introduction to mathematics, grammar, . . . 
Oxford, Clarendon Press, 1912. 160 pp. 


Marino (A.). Applicazioni algebraiche alla geometria piana e solida. 
Milano, 1914. 12mo. 32 pp. 


besiy ['shisse (B. A.). Elementary logarithms. (Elements of the theory 
of logarithms and of the practice in logarithmic gag “Seger (In 
Russian.) St. Petersburg, 1912. 8vo. 8+72 pp e same with 
HF a te ais tables and samples of other logarithm tables. 8vo. 
16+104 pp 


Marussie (R.). See Jacos (J.). 


MEsLER (F.G.). Hauptsitze a Elementar-Mathematik zum Gebrauche 
an hdheren Lehranstalten. Bearbeitet von A. Schulte-Tigges. 
Ausgabe B, Oberstufe. Ster Teil: Arithmetik mit Einschluss der 
niederen Analysis, Trigonometrie und Stereometrie. Unter Mitwirk- 
ung von C. Frenzel bearbeitet. 2te unverinderte Auflage. Berlin, 
Reimer, 1912. 8vo. 8+169 pp. 


Miter (O.). Tavole di logaritmi con cinque decimali. 12a edizione, 
aumentata della tavole dei logaritmi d’addizione e sottrazione, per 
eura di Michele Rajna. Milano, Hoepli, 1915. 24mo. ab egy 7 


Niem6.tier (F.) und Dexxer (P.). Arithmetisches und algebraisches 
Unterrichtsbuch. In 4 Heften. lites und 2tes Heft. Breslau, F. 
Hirt, 1912. 92+116 pp. 


OpensHaw (P. A.). Public school examination papers in mathematics. 
ith answers. London, Bell, 1912. 135 pp. 


PenptEesury (C.). A preparatory arithmetic. London, Bell, 1912. 
14+185+30 pp. 


Rasna (M.). See Mixter (0.). 
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RascHevsky (K.). Elementary algebra. Textbook for higher schools. 
(In Russian.) Moscow, 1912. 8vo. 301+3 pp. 


Satomon (A.). Lecons d’algébre. 7e édition. Paris, Vuibert, 1912. 
16mo. 267 pp. 


Scuirrner (F.). See Jacos (J.). 
Scuutte-Ticces (A.). See MEHuER (F. G.). 


Scuuirze (A.). Advanced algebra. 11th reprint. New York, Macmil- 
lan, 1913. 12mo. 562 pp. Half leather. $1.25 


Scuwart (I.). See Fisner (G. E.). 
Soccr (A.). See Bertranp (G.). 
TRAVNICEK (J.). See Jacos (J.). 


Van DER Heypen (A. F.). Notes onalgebra. Middleborough, W. Apple- 
yard, 1912. 8+133 pp. 


Ill. APPLIED MATHEMATICS. 


Armstrone (H. F.). Descriptive geometry for students of engineering 
science and architecture. New York, Wiley, 1915. 8vo. ahh?) 


Beruiner (S.). Renten und Anleihen. Leipzig, C. E. Poeschel, 1912. 
8vo. 10-+142 pp. 


Brace (W. H. and W. L.). X rays and crystal structure. London, Bell, 
1915. 8vo. 7s. 6d. 


Brace (W.L.). See Brace (W. H.). 


CaLENnDaRIO astronomico delle colonie italiane d’Affrica per l’anno 1915. 
(Istituto geografico militare.) Firenze, tip. Barbéra, di Alfani e 
Venturi, 1914. 8vo. 73 pp. 


Catenpanrio del r. osservatorio astronomico di Napoli per l’anno 1915. 
Napoli, 1915. 16mo. 75 pp. 


Drury (F. E.). Geometry of building construction. Second year course. 
London, Routledge, 1915. 8vo. 3s. 


Epwarps (E. J.) and Tickiz (M. J.). Practical science and mathematics 
for the second year preliminary technical or industrial course. Lon- 
don, Routledge, 1915. 8vo. 8+175 pp. 1s. 6d. 


Experton (W. P.) and Firparp (R. C.). The construction of mortality 
and sickness tables. London, Macmillan, 1914. 12mo. 120 PR 


FERRARIO o-)- Studi di meccanica molecolare. Milano, Hoepli, 1915. 
8vo. 165 pp. L. 4.50 


FIpPaRD - C.). See Evperton (W. P.). 


Foscnt (R. C.). Una facile deduzione del teorema dei tre momenti. 
Citta di Castello, S. Lapi, 1914. 8vo. 8pp. 


Lomparpi (L.). Corso teorico-pratico di elettrotecnica. 2a edizione. 
Vol. II. Milano, 1914. 8vo. 12+718 pp.+5 tables. L. 20.00 


Maaar (G. A.). Geometria del movimento. Lezioni di cinematica con 
un’ appendice sulla geometria della massa. 1915. 8vo. L. 8.00 


Tickie (M. J.). See Epwarps (E. J.). 














1915.] TWENTY-FOURTH ANNUAL LIST OF PAPERS. 533 


TWENTY-FOURTH ANNUAL LIST OF PAPERS 


READ BEFORE THE AMERICAN MATHEMATICAL SOCIETY AND 
SUBSEQUENTLY PUBLISHED, INCLUDING REFERENCES 
TO THE PLACES OF THEIR PUBLICATION. 


a. J. W., II. A proof of the invariance of certain constants of 
sis situs. Read Sept. 8, 1913. Transactions of the American 
ical Society, vol. Pe, No. 2, pp. 148-154; April, 1915. 


ieee R.C. Euclid’s Book On Divisions of Figures (xepi dvarpécewy 
B:BNov) with a restoration based on Woepcke’s text and the Practica 
Geometriz of Leonardo Pisano. Read April 25,1914. Cambridge, 
University Press, 1915. 8-+-88 pp. 


Barus, C. The mathematician in modern physics. Read Sept. 8, 1914. 
, new ser., vol. 40, No. 1038, pp. TOt-727; Nov. 20, 1914. 


Bateman, H. The quartic curve and its inscribed configurations. Read 
Feb. 22, 1913. American Journal of Mathematics, vol. 36, No. 4, pp. 
357-386; Oct., 1914. 


—— The structure of the xther. Read Feb. = 1914. Bulletin of the 
— Mathematical Society, vol. 21, No. 6, pp. 299-309; March, 


—— The mathematical analysis of electrical and optical wave-motion on 
the basis of Maxwell’s equations. Read (Chicago) April 29, 1911 and 
Feb. 22, 1913. Cambridge, University Press, 1915. 6+159 pp. 


Baver, G. N., and Stopin, H. L. Algebraic and transcendental numbers. 
Read (Chicago) Dec. 27, 1913. Rendiconti del Circolo Matematico di 
Palermo, vol. 38, No. 3, pp. 353-356; Nov.—Dec., 1914. 


Bez, E.T. An arithmetical theory of certain numerical functions. Part 
1. Read Oct. 26, 1912 and (San Francisco) May 22,1914. University. 
of Washington Publications (Science), 1915. 47 pp. 


Beyecem, F B. A. A complete set of postulates for the logic of classes. 

in terms of the operation “exception,” and a proof of the 

Sieerionce of a set of postulates due to Del Ré. (San Fran- 

cisco) Oct. 25, 1913. University of California Publications in Mathe- 
matics, vol. 1, No. 4, pp. 87-96; May 15, 1914. 


Brruorr,G.D. An elementary double inequality for the roots of an 
algebraic equation having greatest absolute value. Read April 24, 
1915. Bulletin of the American Mathematical Society, vol. 21, No. 10, 
pp. 494-495; July, 1915. 


Buicuretpt, H.F. A new principle in the geometry of numbers, with 
some applications. Read (San Francisco) April 12, 1913. Transac- 
tions of the American Mathematical Society, vol. 15, No. 3, pp. 227- 


235; July, 1914. 

Buss, G. A. A note on symmetric matrices. Read —s April 10, 
1914. Annals of Mathematics, ser. 2, vol. 16, No. 1, pp. 48-44; Sept., 
1914. 


—— The Weierstrass E-function for —— of the calculus of variations 
in space. Read (Chicago) Dec. 26, 1913. Transactions of the Amer- 
ican Mathematical Society, vol. 15, No. 4, pp. 369-378; Oct., 1914, 
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—— Generalizations of geodesic curvature and a theorem of Gauss con- 
cerning geodesic triangles. Read April 28, 1906. American J 
of aedin. vol. 37, No. 1, pp. 1118; Jan., 1915. 


—— A note on functions of lines. Read (Chicago) Dec. 28, 1914. Pro- 
mee o o National Academy of Sciences, vol. 1, No. 3, pp. 173-177; 
arch, 4 


Buss, G. A., and Unperniit, A. L. The minimum of a definite sey 
for unilateral variations in mene. Read (Chicago) Dec. 1913. 
Transactions of the American hematical Society, vol. 15, Ne 3, pp. 
291-310; July, 1914. 


Bécuer, M. On a small variation which renders a linear differential 
system incompatible. Read April 25,1914. Bulletin of the American 
Mathematical Society, vol. 21, No. 1, pp. 1-6; Oct., 1914. 


——- The smallest characteristic numbers in a certain exceptional case. 
Read Sept. 8, 1914. Bulletin a the American Mathematical Society, 
vol. 21, No. 1, pp. 6-9; Oct., 1914. 


Bucuanan, D. Periodic orbits on asmooth surface. Read (Chicago) Dec. 
_ —. American Journal of Mathematics, vol. 37, No. 1, pp. 79-94; 
an., i 


Burns, J. E. The abstract definitions of groups of degree 8. Read Sept. 
8, 1913. American Journal of Mathematics, vol. 37, No. 2, pp. 195 
214; April, 1915. 


Cason, F. The history of Zeno’s arguments on motion: phases in the 
development of the theory of limits. Read Sept. 9, 1913 and (Chicago) 
April 11, 1914. American Mathematical Monthly, vol. 22, No. 1, pp. 
1-6; Jan., 1915: No. 2, pp. 39-47; Feb., 1915: No. 3, pp. 74D: 
March, oF No. 4, pp. 109-115; April, 1915. 


CARMICHAEL, D. On series of iterated linear fractional functions. 
Mand Bent 8, 1913. American Journal of Mathematics, vol. 36, No. 3, 
pp. 267-288; July, 1914. 


CarmicHAEL, R. D., and Mason, T. E. Note on the roots of algebraic 
equations. Read (Chicago) April 10,1914. Bulletin of the American 
Mathematical Society, vol. 21, No. 1, pp. 14-22; Oct., 1914. 


CHITTENDEN, E.W. The converse of the Heine-Borel theorem in a Riesz 
domain. Read (Chicago) April 11, 1914. Bulletin of the American 
Mathematical Society, vol. 21, No. 4, p. 179-183; Jan., 1915. 


—— Infinite Songun + and the composition pospest (Kw B:) in 


general analysis. Read (Chicago) April 6, 191 iaonti del 
Circole Saas di Palermo, vol. 39, No. 1, pp. $1. -108; Jan.—Feb., 
1915. 


Coste, A. B. Restricted systems of equations (second paper). Read 
Dec. 31, 1913. American Journal of Mathematics, vol. 36, No. 4, pp. 
395-418; Oct., 1914. 


—— Point sets and allied Cremona —— Read April 25, 1914. Trans- 
actions of the American Mathematical Society, vol. 16, No. 2, pp. 155- 
198; April, 1915. Proceedings of the National Academy of Sciences, 
vol. 1, No. 4, pp. 245-248; April, 1915. 


m,! F. N. Note on solvable quintics. Read Jan. 2, 1915. Bulletin of 
he American Mathematical Society, vol. 21, No. 9, pp. 462-464; June, 
1915. 
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Conner, J. R. The rational sextic curve, and the Cayley etroid. 
Read Dec. 31,1912. American Journal of Mathematics, vol. 37, No. 1, 
pp. 29-42; Jan., 1915. 


Coretann, L. P. On the theory of invariants of n-lines. Read Feb. 22, 
os Annals of Mathematics, ser. 2, vol. 16, No.1, pp. 7-14; Sept., 


Cummines, L. D. On a method of comparison for triple systems. Read 
April 25, 1914. Transactions of the American 5 pr caresr Society, 
vol. 15, No. 3, pp. 311-327; July, 1914. 


Craic, C. F.. See Suanrps, F. R. 


Decker, F. F. On the order of a restricted Ms of equations. a 
Dec. 28, 1910. American Journal of Mathematics, vol. 37, No. 2 
pp. 159-178; April, 1915. 


Dickson, L. E. Modular invariants of the system of a wee if cubic 
quadratic, and linear form. Read Sept. 8, 1914. Quarterly J Journal 
of i and Applied Mathematics, vol. 45, No. 4, pp. 373-384; Sept., 


—— Invariants in the theo: be ete numbers. Read Sept. 8, 1914. Trans- 
actions of the American Mathematical Society, vol. 15, No. 4, pp. 497- 
503; Oct., 1914. 


ae of inflexion of a plane cubic curve. Read Sept. ei 1914, 
of Mathematics, ser. 2, vol. 16, No. 2, pp. 50-66; 


— Linear algebras. Read (Chicago) Dec. 27, 1913. Cambridge Tracts 
in Mathematics and Mathematical Physics, No. 16. Cambridge, 
University Press, 1914. 8+73 pp. 


—— Invariants, seminvariants, and covariants of the te and quater- 
nary quadratic form modulo 2. Read Sept. 8, 1914. ulletin of the 
American Mathematical Society, vol. 21, Mee 4, pp. 174-179; Jan., 1915. 


—— Invariantive theory of plane cubic curves modulo 2. Read (San 
Francisco) Oct. 24, 1914. American Journal of Mathematics, vol. 37, 
No. 2, pp. 107-116; April, 1915. 


—— Quartic curves modulo 2. Read (San Francisco) Oct. 24, 1914. Trans- 
actions of the American Mathematical Society, vol. 16, No. 2, pp. 111- 
120; April, 1915. 


—— The straight lines on modular cubic surfaces. Read Sage yg 
re 1914. Proceedings of the National Academy of Sciences, 
4, pp. 248-253; April, 1915. 


—— Projective classification of cubic surfaces modulo 2. Read (Chicago) 
Dec. 29, 1914. Annals of Mathematics, ser. 2, vol. 16, No. 4, pp. 
139-157; June, 1915. 


Dives, L. L. Complete existential theory of Sheffer’s postulates for 
Boolean algebras. Read Dec. 30, 1913. Bulletin of the American 
Mathematicai Society, vol. 21, No. 4, pp. 183-188; Jan., 1915. 


eer E. L. The arithmetic mean as approximately the most probable 
value a a under the Gaussian probability law. Sept. 9, 
1913. Bulletin of the University of Texas, 1915, No. 4, ‘20 pp.; Jan. 15, 
1915. 


Drespen, A. The second derivatives of the extremal integral for a general 
class of problems of the calculus of variations. Read (Chicago) Dec. 
28,1914. Proceedings of the National Academy of Sciences, vol. 1, 

No. 4, pp. 238-241; April, 1915. 
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, L. P. Transformations of surfaces of Voss. Read Dee. 31, 
1913. ' Transactions of the American Mathematical Society, vol. 15, 
No. 3, pp. 245-265; July, 1914. 


—— Transformations of conjugate systems with equal point invariants. 
Read April 25, 1914. Transactions of the American Mathematical 
Society, vol. 15, No. 4, pp. 397-430; Oct., 1914. 


—— Transformations of surfaces 2. Read Jan. 1,1915. Proceedings of 
the National Academy of Sciences, vol. 1, No. 2, pp. 62-65; Feb., "1915. 


—— One-parameter families of curves. Read (Chicago) April 28, 1911. 
— Journal of Mathematics, vol. 37, No. 2, pp. 179-191; April, 


Emcu, A. On some properties of closed continuous curves. Read Dec. 31, 
1912 and (Chicago) Dec. 28, 1914. Rendiconti del Circolo Matematico 
di Palermo, vol. 38, No. 2, pp. 180-184; Sept.—Oct., 1914. 


—— On some general actin concerning ordinary closed curves. Read 
(Chicago) Dec. 28, 1914. Annals of Mathematics, ser. 2, vol. 16, No. 
4, pp. 193-196; June, 1915. 


Evans, G. C. On the reduction of integro-differential equations. Read 
Jan. 1, 1913 and Dec. 30, 1913. Transactions of the American Mathe- 
matical Society, vol. 15, No. 4, pp. 477-496; Oct., 1914. 


—— Note on the derivative and the variation of a function depending on 
all the values of another function. Read Jan. 2, 1915. Bulletin of 
American Mathematical Society, vol. 21, No. 8, pp. 387-397; May, 1915. 


Fiscuer,C.A. The derivative of a function of a surface. Read April 26, 
mg ae Journal of Mathematics, vol. 36, No. 3, pp. 289-306; 
ly, 191 


—— The Legendre condition for a minimum of a double integral, with an 
isoperimetric condition. Read Feb. 28, 1914. Bulletin of the Amer- 
ican Mathematical Society, vol. 21, No. 8, 380-387; May, 1915. 


—— Minima of double integrals with respect to one-sided variations. 
Read April 24,1915. Annals of Mathematics, ser. 2, vol. 16, No. 4, 
pp. 162-168; June, 1915. 


Frre, W. B. Prime pow a anes in which every commutator of prime 
order is invariant. Sept. 9,1914. Transactions of the American 
Mathematical Society, vol. 16, No. 2, pp. 134-138; Apri » 1916. 


Frize.tit, A.B. An enumeration of integral algebraic werd ea meng 
Jan. 1, 1915. Bulletin of the American Mat Society, ‘wok Bh 21, 


No. 7, pp. 341-342; April, 1915. 


—— Certain non-enumerable sets of infinite permutations: Read (Chi- 
cago) April 10, 1914 and Dec. 28, 1914. Bulletin of the American 
Mathematical Society, vol. 21, No. 10, pp. 495-499; July, 1915. 


Gazsa, M.G. A set of postulates for general projective geometry. Read 
April 26, 1913. Transactions of the American Mathematical Society, 
vol. 16, No. 1, pp. 51-61; Jan., 1915. 

GaLasizian, H. Non-linear integral equations of the Volterra type. 
Read Dec. 31, 1913. Annals of Mathematics, ser. 2, vol. 16, No. 4, pp. 
172-192; June, 1915. 

Gienn, O. E. Concerning an analogy between formal modular invariants. 
and the class of algebraical invariants called Booleans. Read Dec. 

- 1913. American Journal of Mathematics, vol. 37, No. 1, pp. 73-783. 

an., 1915. 
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—— Modular invariant processes. Read Sept. 8, 1914. Bulletin of the 
American Mathematical Society, vol. 21, No. 4, pp. 167-173; Jan., 1915. 


Gover, J. W. be ag formula for the valuation of securities. Read 
(Chicago) April 6, 1912. American Mathematical Monthly, vol. 22, 
No. 3, pp. 82-88; March, 1915. 


Graustein, W.C. The equivalence of complex s, planes, lines with 

’ to real motions and certain other preadaaes reat transformations. 

‘Read Dec. 31, 1913. Transactions of the American Mathematical 
Society, vol. 16, No. 1, pp. 33-44; Jan., 1915. 


Green, G.M. One-parameter families of curves in the plane. Read Oct. 
25, 1913. Transactions of the American Mathematical Society, vol. 15, 
No. 3, pp. 277-290; July, 1914. 


—— On the theory of curved surfaces, and canonical systems in projec- 
tive differentia] geometry. Read Dee. 31, 1913. Transactions of the 
American Mathematical Society, vol. 16, No. 1, pp. 1-12; Jan., 1915. 


GronwatL, T. H. Ueber die Summierbarkeit der Reihen von Laplace 
und dre. Read Jan. 2, 1913. Mathematische Annalen, vol. 75, 
No. 3, pp. 321-375; July, 1914. 


— On apunensietions by trigonometric sums. Read Dec. 31, 1913. 
a ape American Mathematical Society, vol. 21, No. 1, pp. 9-14; 
ict., 1 


—— Some remarks on conformal representation. Read Oct. 31, 1914. 
Annals of Mathematics, ser. 2, vol. 16, No. 2, pp. 72-76; Dec., 1914. 


— On the maximum modulus of an analytic function. Read April 26, 
za. Annals of Mathematics, ser. 2, vol. 16, No. 2, pp. 77-81; Dec., 
1914 


—— An integral equation of the Volterra type. Read Jan. 2, 1915. 
Annals of Mathematics, ser. 2, vol. 16, No. 3, pp. 119-122; March, 1915. 


Haztett, O. Invariantive characterization of some linear associative 
algebras. Read (Chicago) Dec. 26, 1913. Annals of Mathematics, ser. 
2, vol. 16, No. 1, pp. 1-6; Sept., 1914. 


HiwpEsRAnDT, T.H. Ona generalization of a theorem of Dini on _ 
ces of continuous functions. Read (Chicago) April 10,1914. B 
Pe American Mathematical Society, vol. 21, No. , pp. 113-115; 

., 1914. 


Howtanp, L.A. Binary conditions for double and triple points my a cubic. 
Read April 27, 1912. American Journal of Mathematics, vol. 36, No. 
4, pp. 441-448; Oct., 1914. 


Huntincton, E. V. The theorem of rotation in elemen mechanics. 
Read Sept. 8, 1914. a Mathematical Monthly, vol. 21, No. 10, 
pp. 315-320; Dec., 1914 


Hurwitz,W.A. Mixed wre integral equations of the first order. Read 
Dee. 31, 1912. Transactions of the American Mathematical Society, 
vol. 16, No. 2, pp. 121-133; April, 1915. 


Irwin, F. Relation between the roots of a ao integral function and 
_s its derivative. Read (San Francisco) Oct. 24, 1914. Annals of 
Mathematics, ser. 2, vol. 16, No. 3, p. 138; March, 1915. 


Jackson, D. A formula of trigonometric interpolation. Read t. 8, 
1913. Rendiconti del Circolo Matematico di Palermo, vol. 37, No. 3, 
pp. 371-378; May-June, 1914. 
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—— On the degree of coeearans of Sturm-Liouville series. Read Dec. 
30, 1913. Transactions of the American Mathematical Society, vol. 15, 
No. 4, pp. 439-466; Oct., 1914. 


Jorre, S. A. Sums of lik es of natural numbers. Read Feb. 24, 
1912. Quarterly Jou of Pure and Applied Mathematics, vol. 46, 
No. 1, pp. 33-51; Dec., 1914. 


Jounson, R. A. The conic as a space element. Read Sept. 8, 1914. 
Transactions of the American Mathematical Society, vol. 15, No. 4, pp. 
335-368; Oct., 1914. 


Karprnsxi, L. C. The algorism of John ee rth. Read Sept. 8, 
a English Historical Review, vol. 29, No. 4, pp. 707-717; Oct. 


Bones E. Equitangential congruences of curves in bene Read 
Feb. 25, 1911 and Jan. 1, 1913. Rendiconti del Circolo Matematico di 
Palermo, vol. 35, No. 3, pp. 283-285; May-June, 1913. 


Lamonp, J. K. On the continuity of a Lebesgue integral with toa 
parameter. Read April 25,1914. American Journal of M ics, 
vol. 36, No. 4, pp. 387-391; Oct., 1914. 


Lerscuetz, S. Geometry on ruled surfaces. Read (Southwestern Sec- 
tion) Nov. 30, 1912. prnodenaee Journal of Mathematics, vol. 36, No, 4, 
pp. 392-394; ‘Oct. 1914. 


—— The equation of Picard-Fuchs for an algebraic surface with arbitrary 
singularities. Read (Southwestern Section) Nov. 28,1914. Bulletin 
of the American Mathematical Society, vol. 21, No. 5, pp. 227-232; Feb., 
1915. 


Leumer, D.N. List of prime numbers from 1 to 10,006,721. Read (San 
Francisco) Feb. 26, 1910. Carnegie Institution Publication No. 165. 
Washington, 1914. 16+133 pp. 

Loneisy, W.R. An existence theorem for a certain differential equation 
of the nth order. Read Dec. 30, 1913. Transactions of the American 
Mathematical Society, vol. 15, No. 3, pp. 328-334; July, 1914. 


Love, C.E. Singular integral equations of the Volterra type. Read Sept. 
8, 1914. Transactions of the American Mathematical Society, vol. 15, 
No. 4, pp. 467-476; Oct., 1914. 


Lyte, E. B. Proper multiple yy oer over iterable fields. Read Sept. 
8, 1913. Transactions of the American Mathematical Society, vol. 15, 
No. 4, pp. 504-505; Oct., 1914. 


MacMittan, W.D. On Foucault’s pendulum. Read (Chicago) Dec. 26, 
a asc Journal of Mathematics, vol. 37, No. 1, pp. 95-106; 
an 


Manninc, W. A. On the order of primitive groups, II. Read (San 
Francisco) Feb. 27, 1909. Transactions of the American Mathematical 
Society, vel. 16, No. 2, pp. 139-147; April, 1915. 


MarsHati, W. Die Funktionen des parabolischen Zylinders. Read Sept. 
8, 1913. Archiv der Mathematik und Physik, ser. 3, vol. 23, No. 4, 
pp. 324-338; March, 1915. 


Mason, T.E. On “< pepators a the mieten symmetric functions 

of the integers 1, 2, --- 1. Read (Chicago) April 10, 1914. 
Tohoku Mathematical p en vol. 5, Nos. 3-4, pp. 136-141; June, 
1914. 
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— Character of the solutions of certain functional equations. Read 
Sept. 8, 1913. American Journal of Mathematics, vol. 36, No. 4, pp. 
419-440; Oct., 1914. 


—— See CarmicHaEL, R. D. 


Miter, G. A. Note on multiply transitive solvable substitution groups. 
Read (Chicago) April 10, 1914. Archiv der Mathematik und Physik, ser. 
3, vol. 23, No. 1, pp. 32-33; June, 1914. 


—— The nn ag Bl of a group. Read Sept. 8, 1914. Transactions of 
the American ical Society, vol. 16, No. 1, pp. 20-26; Jan., 
1915. Proceedings of the National Academy of Sciences, vol. 1, No. 1, 
pp. 6-7; Jan., 1915. 


—— Note on the potential and the antipotential group of a given group. 
Read (Chicago) Dec. 29, 1914. Bulletin of the American Mathematical 
Society, vol. 21, No. 5, pp. 221-227; Feb., 1915. 


—— Groups possessing at least one — of independent generators com- 

of as many ae as there are’ prime factors in the order of 

the group. Read (Chicago) or 1915. Proceedings of the National 
Academy of Sciences, vol. 1, No. 4, pp. 241-244; April, 1915. 


— A new proof of Sylow’s theorem. Read (Chicago) Dec. 29, 1914. 
Annals of Mathematics, ser. 2, vol. 16, No. 4, pp. 169-171; June, 1915. 


MitcHett, H.H. The subgroups of the quaternary abelian linear group. 
Read April 25, 1914. Transactions of the American Mathematical 
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Division Street. 

Cotritts, Asst. Prof. E. C. State College of Washington, Pullman, 
Wash. 410 Montgomery Street. 

Coupitts, Asst. Prof. Jutia T. Iowa State College, Ames, Iowa. 

Comstock, Prof. C. E. Bradley Polytechnic Institute, Peoria, Il. 

Conant, Prof. L. L. Polytechnic Institute, Worcester, Mass. 254 Salis- 
bury Street. 

Conner, Dr. J. R. Associate, Bryn Mawr College, Bryn Mawr, Pa. 

CoNWELL, Dr. G. M. Instructor, Yale University, New Haven, Conn. 
Box 681, Yale Station. 

*CootmneE, Asst. Prof. J. L. Harvard University, Cambridge, Mass. 
7 Fayerweather Street. 

CoPELAND, Dr. LENNIE P. Instructor, Wellesley College, Wellesley, 
Mass. 86 Shafer Hall. 

Corey, 8S. A. Hiteman, Iowa. 

CorNIsH, W. A. State Normal School, Cortland, N. Y. 32 Owego 

Street. 
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Cow Ley, Asst. Prof. ExizaBeTH B. Vassar College, Poughkeepsie, N. Y. 

Cox, C. 8. Principal, Mulberry Senior High School, Mulberry, Fila. 

Cralc, Dr. C. F. Instructor, Cornell University, Ithaca, N. Y. 417 
North Aurora Street. 

CRAMBLET, Dr. W. H. Instructor, University of Rochester, Rochester, 
N. Y. 

CRATHORNE, Dr. A. R. Associate, University of Illinois, Champaign, Il. 
1113 South Fourth Street. 

CRAWLEY, Prof. E. 8. University of Pennsylvania, Philadelphia, Pa. 

CrEsse, Asst. Prof. G. H. Middlebury College, Middlebury, Vt. 38 
South Street. 

CROMWELL, J. W., Jz. M Street High School, Washington, D. C. 
1815 Thirteenth Street, N. W. 

Cummines, Dr. Louise D. Instructor, Vassar College, Poughkeepsie, 
N. Y. 

*CUNNINGHAM, Lieut. Col. A. J. C. 20 Essex Villas, Kensington, Lon- 
don, W., England. 

CUNNINGHAM, Prof. Susan J. 107 North 34th Street, Philadeiphia, Pa. 

CurnJsEL, H. W. Actuary, La Mexicana Compafiia de Seguros sobre la 
Vida, Mexico, D. F., Mexico. Apartado 651. 

Currier, C. H. Instructor, Brown University, Providence, R. I. 

Curtis, A. M. State Normal School, Oneonta, N. Y. 

Curtis, Dr. H. B. Instructor, Columbia University, New York, N. Y. 
401 West 118th Street. 

Curtiss, Prof. D. R. Northwestern University, Evanston, Ill. 720 
Milburn Street. 


Dauaker, Asst. Prof. H. H. University of Minnesota, Minneapolis, 
Minn. 523 Walnut Street, 8. E. 

DanIELL, Prof. P. J. Rice Institute, Houston, Texas. 

DanizEts, Dr. A. L., Jr. Instructor, Yale University, New Haven, Conn. 
102 York Square. 

Davis, Mrs. E. B. Nautical Almanae Office, Washington, D. C. 2212 
First Street, N. W. 

Davis, Prof. E. W. University of Nebraska, Lincoln, Neb. 

*Davis, Asst. Prof. H. N. Harvard University, Cambridge, Mass. 8 
Ash Street Place. 

Davis, Asso. Prof. J. M. University of Kentucky, Lexington, Ky. 340 
Madison Place. 

Davis, Prof. N. F. Brown University, Providence, R. I. 159 Brown 
Street. 

Davisson, Prof. 8. C. Indiana University, Bloomington, Ind. 515 
East Third Street. 

DrEcHERD, Miss M. E. Instructor, University of Texas, Austin, Tex. 

2313 Nueces Street. 
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Decker, Asso. Prof. F. F. Syracuse University, Syracuse, N. Y. 854 
Sumner Avenue. 

De Cou, Prof. E. E. University of Oregon, Eugene, Ore. 1135 Mill 
Street. 

*DepErIcK, Dr. L. S. Instructor, Princeton University, Princeton, N. 
J. P.O. Box 105. 

DeroE, Prof. L. M. University of Missouri, Columbia, Mo. 

DemMeL, Asst. Prof. R. F. Stevens Institute of Technology, Hoboken, 
N. J. 

DeLone, Prof. I. M. University of Colorado, Boulder, Colo. 1341 
Broadway. 

DeLury, Prof. A. T. University of Toronto, Toronto, Canada. 

*DEnNETT, Dr. W. S. 8 East 49th Street, New York, N. Y. 

DenTOoN, Dr. W. W. Instructor, University of Illinois, Champaign, Ill. 
905 South Siath Street. 

Dickson, Prof. L. E. University of Chicago, Chicago, Ill. 5535 Uni- 
versity Avenue. 

Druick, C. E. Instructor, Revenue Cutter Academy, New London, 
Conn. 41 Squire Street. 

Dinzs, C. R. Instructor, Northwestern University, Evanston, Ill. 1925 
Sherman Avenue. 

Drvzs, Asst. Prof. L. L. University of Saskatchewan, Saskatoon, Canada. 

Dopp, Adj. Prof. E. L. University of Texas, Austin, Tex. 

DoHMEN, Dr. F. J. Instructor, Harvard University, Cambridge, Mass. 
21 Walker Street. 

Dow tine, Asso. Prof. L. W. University of Wisconsin, Madison, Wis. 
2 Roby Road. 

DRESDEN, Asst. Prof. ARNOLD. University of Wisconsin, Madison, Wis. 
2114 Vilas Street. 

DunkKEL, Dr. Orto. Instructor, University of Missouri, Columbia, Mo. 
602 Sanford Street. 

DurRELL, Dr. FLETCHER. Lawrenceville School, Lawrenceville, N. J. 

DurFEE, Prof. W. P. Hobart College, Geneva, N. Y. 

DuvaL, Asso. Prof. E. P. R. University of Oklahoma, Norman, Okla. 
629 Boyd Street. 


Ecuots, Prof. C. P. U.S. Military Academy, West Point, N. Y. 

Ecnots, Prof. W. H. University of Virginia, Charlottesville, Va. 

Eppy, Prof. H. T. University of Minnesota, Minneapolis, Minn. 916 
Sizth Street, 8. E. 

EpMoNnpDSsON, Prof. T. W. New York University, University Heights, 
New York, N. Y. 

Epwarps, Prof. G. C. University of California, Berkeley, Cal. 2546 
Dana Street. 

EE.Lts, W. C. Instructor, U. 8. Naval Academy, Annapolis, Md. 
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EIESLAND, Prof. JOHN. University of West Virginia, Morgantown, W. 
Va. 

*EIsENHART, Prof. L. P. Princeton University, Princeton, N. J. 22 
Alexander Street. 

*Exuiort, Prof. E. B. Oxford University, Oxford, England. 4 Bard- 
well Road. 

Emcu, Asst. Prof. ArNoLD. University of Illinois, Urbana, Ill. 604 
West Elm Street. 

Emmons, Prof. C. W. Simpson College, Indianola, Iowa. 

Eneserc, Prof. C. C. University of Nebraska, Lincoln, Neb. 330 
North 32d Street. 

Enoier, Dr. E. A. Secretary and Treasurer, Washington University, 
St. Louis, Mo. 

ENGLISH, Harry. Head of the Mathematical Department, Washington 
High Schools, Washington, D. C. 2907 P Street, N. W. 

EpsTEEN, Dr. SauL. State Insurance Commissioner, Denver, Colo. State 
Capitol. 

*Escott, E. B. Actuary, Peninsular Insurance Company, Detroit, 
Mich. 627 Majestic Building. 

Esty, Prof. T. C. Amherst College, Amherst, Mass. 

Esty, Prof. W. C. Amherst College, Amherst, Mass. 85 Elm Street, 
Worcester, Mass. 

Erriincer, H. J. Instructor, University of Texas, Austin, Tex. 

*Evans, Asst. Prof. G. C. Rice Institute, Houston, Tex. 

Evans, G. W. Charlestown High School, Boston, Mass. 

Evans, Prof. H. B. University of Pennsylvania, Philadelphia, Pa. 
College Hall. 


Favueut, Prof. J. B. Kent, Ohio. 

Fremster, Prof. H. C. York College, York, Neb. 

*Ferry, Prof. F. C. Williams College, Williamstown, Mass. 

Frew, Prof. FLoyp. Georgia School of Technology, Atlanta, Ga. 91 
Bryan Street. 

FretD, Jun. Prof. Peter. University of Michigan, Ann Arbor, Mich. 
1054 Ferdon Road. 

*Fretps, Prof. J. C. University of Toronto, Toronto, Canada. 

Finpiay, Prof. WimL1AM. MeMaster University, Toronto, Canada. 

Fine, Prof. H. B. Princeton University, Princeton, N. J. 

FinKEL, Prof. B. F. Drury College, Springfield, Mo. 

Fiscuer, Dr. C. A. Instructor, Columbia University, New York, N. Y. 

FisHER, Prof. G. E. University of Pennsylvania, Philadelphia, Pa. 
The College. 

FisHer, Prof. Invinc. Yale University, New Haven, Conn. 460 Pros- 

pect Street. 
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*Fiskxe, Prof. T. S. Columbia University, New York, N. Y. 

FrrcH, Mrs. Epwarp. Clinton, N. Y. 

Fire, Prof. W. B. Columbia University, New York, N. Y. 

Firrerer, Prof. J. C. University of Wyoming, Laramie, Wyo. 511 
South 11th Street. 

FuanacGan, C. E. Actuary, Conservative Life Insurance Company, 
Wheeling, W. Va. 

Fuzet, Prof. R. R. William Jewell College, Liberty, Mo. 

Focxe, Prof. T. M. Case School of Applied Science, Cleveland, Ohio. 

Forp, L. R. Lecturer, University of Edinburgh, Edinburgh, Scotland. 
103 Newington Road. } 

*Forp, Jun. Prof. W. B. University of Michigan, Ann Arbor, Mich. 
904 Forest Avenue. 

ForsytH, Prof. A. R. Imperial College of Science and Technology, 
London, 8S. W., England. 

Fort, Dr. TOMLINSON. Instructor, University of Michigan, Ann Arbor, 
Mich. 819 South State Street. 

*FRANELAND, F. W. Government Examiner, Foxton, New Zealand. 
Okataina. 

FRANKLIN, Dr. FaBian. The Evening Post, New York, N. Y. 

FRANKLIN, Prof. W. 8. Lehigh University, South Bethlehem, Pa. 

Frazer, F. D. 1206 Haight Avenue, Portland, Ore. 

Frizeui, Prof. A. B. MePherson College, McPherson, Kan. 1010 East 
Euclid Street. 


GaBa, Dr. M. G. Instructor, Carnegie institute of Technology, Pitts- 
burgh, Pa. 

Gauz, Prof. A.S. University of Rochester, Rochester, N. Y. 

GarrETSON, W. VAN N. Instructor, University of Michigan, Ann Arbor, 
Mich. 1345 Wilmot Street. ‘ 

Garrett, Prof. W. H. Baker University, Baldwin, Kan. 230 Upland 
Road, Cambridge, Mass. 

Garrison, Asst. Prof. W. A. Union University, Schenectady, N. Y. 
2 Rosa Road. 

Gavett, Asst. Prof. G. I. University of Washington, Seattle, Wash. 
5608 Washington Boulevard. 

Gentry, Dr. RutH. Stilesville, Ind. 

GzrMaNN, Dr. G. B. Principal of Public School No. 130, Brooklyn, N. 
Y. 167 Rutland Road. 

*Grerrans, H. T. Fellow and Lecturer, Worcester College, Oxford, 
England. 20 St. John Street. 

Gipson, Prof. G. A. University of Glasgow, Glasgow, Scotland. 10 
The University. 

GitesPre, Asst. Prof. D. C. Cornell University, Ithaca, N. Y. 214 

University Avenue. 
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GrtesPIz, Prof. WiLLiaM. Princeton University, Princeton, N. J. 
253 Nassau Street. 

GuasHAN, Dr. J. 8. C. Ottawa, Canada. 

Guazier, Prof. Harriet E. The Western College, Oxford, Ohio. 

GLENN, Prof. O. E. University of Pennsylvania, Philadelphia, Pa. 
College Hall. 

Gover, Prof. J. W. University of Michigan, Ann Arbor, Mich. 620 
Oxford Road. 

GorE, J. K. Vice-President and Actuary, Prudential Insurance Com- 
pany, Newark, N. J. 

GoTTscHALL, Louis. Star Ribbon Manufacturing Company, 462 Broad- 
way, New York, N. Y. 

GraBeEr, Prof. M. E. Heidelberg University, Tiffin, Ohio, 122 Circular 
Street. 

GraHaM, W. J. Actuary, Equitable Life Assurance Society, 165 Broad- 
way, New York, N. Y. 

Grant, Asst. Prof. E. D. Michigan College of Mines, Houghton, Mich. 
124 Hubbell Avenue. 

GRANVILLE, Pres. W. A. Pennsylvania College, Gettysburg, Pa. 

GRavsTEIN, Dr. W. C. Instructor, Rice Institute, Houston, Tex. 

Gravatt, T. E. Instructor, Pennsylvania State College, State College, 
Pa. 

Graves, Dr. G. H. Instructor, Columbia University, New York, N. Y. 
Hamilton Hall. 

GREEN, Dr. G. M. Instructor, Harvard University, Cambridge, Mass. 
27 Walker Street. 

*GREENHILL, Sir GEorGE. 1 Staple Inn, London, W. C. 

GRENNAN, Dr. ELizaBETH B. Instructor, University of Nebraska, Lin- 
coln, Neb. Station A. 

GriFFIN, Prof. F. L. Reed College, Portland, Ore. 

GrirrirH, J. H. Associate Engineer-Physicist, U. S. Bureau of 
Standards, Pittsburgh, Pa. 39th and Butler Streets. 

Grimes, Mr. N. C. Instructor, University of Illinois, Urbana, Ill. 
Room 427, New Hampshire Building. 

*Groat, B. F. Engineer. 2400 Oliver Building, Pittsburgh, Pa. 

GRONWALL, Asst. Prof. T. H. Princeton University, Princeton, N. J. 
12 Nassau Street. 

Grove, Asst. Prof. C. C. Columbia University, New York, N. Y. Ham- 
ilton Hall. 

Gummer, Asst. Prof. C. F. Queen’s University, Kingston, Ontario, 
Canada. 137 Union Street. 

*GuMMERE, Prof. H. V. Drexel Institute, Philadelphia, Pa. 

GUNDERSEN, Prof. Cart. Oklahoma Agricultural and Mechanical Col- 
lege, Stillwater, Okla. 217 College Avenue. 

GuNTHER, Prof. C. O. Stevens Institute of Technology, Hoboken, N. 

J. P. O. Box 77. 
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Hatt, Prof. A. G. University of Michigan, Ann Arbor, Mich. 1036 
Oakland Avenue. 

Hatuert, Prof. G. H. University of Pennsylvania, Philadelphia, Pa. 
College Hall. 

*Haustep, Prof. G. B. 942 Ninth Avenue, Greeley, Colo. 

*Hanawatt, Prof. F. W. University of Puget Sound, Tacoma, Wash. 
826 North Steele Street. 

Hancock, Prof. Harris. University of Cincinnati, Cincinnati, Ohio. 

Hanna, Asso. Prof. U. 8. Indiana University, Bloomington, Ind. 

*HarpcasTLe, Miss FraNcES. 3 Osborne Terrace, Newcastle-on-Tyne, 
England. 

Harpy, Prof. J. G. Williams College, Williamstown, Mass. 

*HarkKNess, Prof. JAMES. McGill University, Montreal, Canada. 

HagSHBARGER, Prof. W. A. Washburn College, Topeka, Kan. 1401 
College Avenue. 

Hart, Prof. J. N. University of Maine, Orono, Me. 

Hart, Prof. W. W. University of Wisconsin, Madison, Wis. 

HartTweE.u, Prof. G. W. Hamline University, St. Paul, Minn. 737 
Fry Street. 

Harvey, Prof. H. C. Armstrong, Mo. 

HasEMAN, Prof. CHARLES. University of Nevada, Reno, Nev. 

HaskELu, Prof. M. W. University of California, Berkeley, Cal. P. O. 
Boz 3. 

Haskins, Asst. Prof. C. N. Dartmouth College, Hanover, N. H. R&. F. 
D. 1, Lebanon, N. H. 

HatHaway, Prof. A. 8. Rose Polytechnic Institute, Terre Haute, Ind. 

Hawkes, Prof. H. E. Columbia University, New York, N. Y. 

HawkKEswortH, Rev. A. S. Sheridanville, Pittsburgh, Pa. 

HayasHl, Prof. TsurvicHt. College of Science, Tohoku Imperial Uni- 
versity, Sendai, Japan. 

Hayes, G. M. Instructor, College of the City of New York, New York, 
N. Y. 3091 Decatur Avenue. 

H’Dovusier, Dr. F. T. 227 Aspinwall Avenue, Brookline, Mass. 

Heprick, Prof. E.R. University of Missouri, Columbia, Mo. 

HENDERSON, Ropert. Actuary, Equitable Life Assurance Society, 165 
Broadway, New York, N. Y. 

HENNEL, Dr. Cora B. Instructor, Indiana University, Bloomington, 
Ind. 822 East Third Street. 

Hewes, Dr. L. I. Office of Public Roads, Washington, D. C. 

Hiepon, J. E. Actuary, State Department of Insurance, Austin, Tex. 
State Capitol. 

Hietey, Asst. Prof. H. R. Stevens Institute, Hoboken, N. J. 

Hitpesranpt, Dr. T. H. Instructor, University of Michigan, Ann 

Arbor, Mich. 513 Elm Street. 
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HILTEBEITEL, Dr. A. M. Trappe, Montgomery Co., Pa. 

Himowicu, Dr. A. A. 1913 Madison Avenue, New York, N. Y. 

Hrrcucock, Asso. Prof. R. R. University of North Dakota, Univer- 
sity, N. Dak. 

Hope, Prof. F. H. Franklin College, Franklin, Ind. 670 Jefferson 
Street. 

Hopee, Prof. Percy. Stevens Institute of Technology, Hoboken, N. J. 
99 Claremont Avenue, New York, N. Y. 

Hopexins, Prof. H. L. George Washington University, Washington, 
D. C. 

Hocrere, L. T. W. Chemist. 1119 Park Place, Brooklyn, N. Y. 

Hoieate, Prof. T. F. Northwestern University, Evanston, Ill. 617 
Library Street. 

Hopkins, L. A. Instructor, University of Michigan, Ann Arbor, Mich. 
1203 Church Street. 

Hoskins, Prof. L. M. Stanford University, Palo Alto, Cal. 365 
Lincoln Avenue. 

Howe, Pres. C. S. Case School of Applied Science, Cleveland, Ohio. 

Howe, Dr. H. A. Astronomer. University Park, Colo. 

How.anp, Asso. Prof. L. A. Wesleyan University, Middletown, Conn. 
384 Home Avenue. 

Houtsvrt, Prof. L. 8. Johns Hopkins University, Baltimore, Md. 

Hon, Asst. Prof. J. G. Princeton University, Princeton, N. J. 

Hountineton, Asst. Prof. E. V. Harvard University, Cambridge, Mass. 
27 Everett Street. 

Hurwitz, Asst. Prof. W. A. Cornell University, Ithaca, N. Y. 8 

White Hall. 

Hussey, Prof. W. J. University of Michigan, Ann Arbor, Mich. 

Hurcuinson, Prof. J. I. Cornell University, Ithaca, N. Y. 30 Thurs- 
ton Avenue. 

Hype, E. W. Actuary, Columbia Life Insurance Company, Cincinnati, 
Ohio. 814 Lincoln Avenue, Station D. 


IncoLp, Asst. Prof. Louis. University of Missouri, Columbia, Mo. 206 
Thilly Avenue. 

Irwin, Dr. Frank. Instructor, University of California, Berkeley, 
Cal. 2632 Haste Street. 


Jackson, Dr. DunHAM. Instructor, Harvard University, Cambridge, 
Mass. 45 Conant Hall. 

JacKSON, Dr. L. L. Principal, Baldwin Street School, Montclair, N. J. 
17 Oxford Street. 

Jacosus, D. 8S. Advisory Engineer, Babcock and Wilcox Company, 85 
Liberty Street, New York, N. Y. 

James, Asst. Prof. G. O. Washington University, St. Louis, Mo. 
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Jorre, 8. A. Assistant Actuary, Mutual Life Insurance Company, New 
York, N. Y. 55 Cedar Street. 

JOHNSON, Prof. B. F. Missouri State Normal School, Cape Girardeau, 
Mo. 

JOHNSON, Dr. R. A. Instructor, Adelbert College, Western Reserve 
University, Cleveland, Ohio. 1489 East 120th Street. 

JOHNSON, Prof. W. W. U. 8S. Naval Academy, Annapolis, Md. 909 
St. Paul Street, Baltimore, Md. 

Jones, Dr. C. C. Chancellor, University of New Brunswick, Fredericton, 
N. B., Canada. 

Jones, Prof. E. H. Daniel Baker College, Brownwood, Tex. 601 
Coggin Avenue. 

JonEs, Dr. J. L. Instructor, University of Pittsburgh, Pittsburgh, Pa. 

JorDAN, Asst. Prof. H. E. University of Kansas, Lawrence, Kan. 1600 
Kentucky Street. 


KarpPInskI, Asst. Prof. L. C. University of Michigan, Ann Arbor, 
Mich. 1315 Cambridge Road. 

*KasNer, Prof. Epwarp. Columbia University, New York, N. Y. 22 
West 119th Street. 

Kewioce, Prof. O. D. University of Missouri, Columbia, Mo. 307 
Thilly Avenue. 

Kets, Dr. L. M. 502 West 122d Street, New York, N. Y. 

Kempner, Dr. A. J. Instructor, University of Illinois, Urbana, Ill. 

KENNELLY, Prof. A. E. Harvard University, Cambridge, Mass. 

Kent, Asso. Prof. F. C. University of Oklahoma, Norman, Okla. 52£ 
Webster Avenue. 

*Kenyon, Prof. A. M. Purdue University, Lafayette, Ind. 

KeEppPeL, Prof. H. G. University of Florida, Gainesville, Fla. 

*Keryser, Prof. C. J. Columbia University, New York, N. Y. 

KimuaM, Dr. 8. D. Lecturer, University of Alberta, Edmonton, Canada. 

Kinnie, J. H. Instructor, University of Cincinnati, Cincinnati, Ohio. 

Krneston, Dr. H. R. Lecturer, University of Manitoba, Winnipeg, 
Canada, 

Kmecuer, Dr. E. A. T. Instructor, Massachusetts Institute of Tech- 
nology, Boston, Mass. 

KNISELY, ALEXANDER. Columbia City, Ind. 

Koc, E. H., Jr. High School of Commerce, New York, N. Y. 874 
South 15th Street, Newark, N. J. 

Korn, Prof. ArrHur. Charlottenburg Technical School, Charlotten- 
burg, Germany. Schliiterstrasse 25. 

KraTHWoHL, Asst. Prof. W. C. Armour Institute of Technology, 
Chicago, Til. 

Kuun, Prof. H. W. Ohio State University, Columbus, Ohio. 1460 

Michigan Avenue. 
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Kuscuxe, Dr. C. G. P. Instructor, University of Washington, Seattle, 
Wash. 3760 14th Avenue, N. E. 

KtsterMann, Dr. W. W. Instructor, University of Michigan, Ann 
Arbor, Mich. 716 Forest Avenue. 


*LapuE, Pomeroy. San Francisco-Oakland Terminal Railways, Oakland, 
Cal. 

LaMBert, Prof. P. A. Lehigh University, South Bethlehem, Pa. 215 
South Center Street, Bethlehem, Pa. 

LamBert, W. D. U.S. Coast and Geodetic Survey, Washington, D. C. 

Lamonp, Dr. J. K. Instructor, Wesleyan University, Middletown, Conn. 
88 Brainerd Avenue. 

Lanpis, Prof. W. W. Dickinson College, Carlisle, Pa. 

Lanpey, Prof. A. E. Catholic University of America, Washington, D. 
C. 3624 13th Street, Brookland, D. C. 

Lanza, Prof. GAETANO. The Montevista, 63d and Oxford Streets, Phila- 
delphia, Pa. 

Laves, Asso. Prof. Kurt. University of Chicago, Chicago, Ill 45611 
Kenwood Avenue. 

LEFscHETZ, Dr. SOLOMON. Instructor, University of Kansas, Lawrence, 
Kan. 9387 Missouri Street. 

LenMeR, Asso. Prof. D. N. University of California, Berkeley, Cai. 
2736 Regent Street. 

Lew, Dr. D. D. Instructor, Yale University, New Haven, Conn. 21 
Maple Street. 

LENNES, Prof. N. J. University of Montana, Missoula, Mont. 

LgonarD, Prof. H. B. University of Oregon, Eugene, Ore. 

Lester, Prof. O. C. University of Colorado, Boulder, Colo. 

Czuscuyer, Prof. A. O. University of California, Berkeley, Cal. Stu- 
dents’ Observatory. 

Levi-Crvita, Prof. TuLuio. University of Padua, Padua, Italy. Via 
Altinate, 14. 

Lewis, Asst. Prof. FuorENcE P. Goucher College, Baltimore, Md. 

Lissy, B. B. Port Washington, Wis. 

Licut, G. H. Yale University, New Haven, Conn. 70 Whalley Avenue. 

LinewaN, P. H. Instructor, College of the City of New York, New 
York, N. Y. 518 West 143d Street. 

Line, Prof. G. H. University of Saskatchewan, Saskatoon, Canada. 

Linton, M. A. Mathematician, Provident Life and Trust Company, 
409 Chestnut Street, Philadelphia, Pa. 

LiPKA, Dr. JosEPH. Instructor, Massachusetts Institute of Technology, 
Boston, Mass. 

Locke, L. L. 950 St. John’s Place, Brooklyn, N. Y. 

Lonetey, Asst. Prof. W. R. Sheffield Scientific School, Yale University, 

New Haven, Conn. 266 Willow Street. 
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Love, Prof. A. E. H. Oxford University, Oxford, England. 34 St. 
Margaret’s Road. 

Love, Asst. Prof. C. E. University of Michigan, Ann Arbor, Mich. 
1527 South University Avenue. 

*Lovett, Pres. E. O. Rice Institute, Houston, Tex. 

Lusy, W. A. Northeast High School, Kansas City, Mo. 

*Luptow, Col. H. H. Fort Stevens, Ore. 

Lunn, Asst. Prof. A. C. University of Chicago, Chicago, Il. 

LyMaN, Prof. E. A. Michigan State Normal College, Ypsilanti, Mich. 
126 North Washington Street. 

Lytiz, Dr. E. B. Associate, University of Illinois, Urbana, Ill, 608 
South Orchard Street. 


McCienon, Asso. Prof. R. B. Grinnell College, Grinnell, Iowa. 1402 
Elm Street. 

*McCuintock, Dr. Emory. Consulting Actuary, Mutual Life Insur- 
ance Company of New York. 2305 De Lancey Street, Philadelphia, 
Pa. 

McCormack, T. J. Principal, La Salle-Peru High School, La Salle, Il. 

McDonatp, Asst. Prof. J. H. University of California, Berkeley, Cal. 
2337 Telegraph Avenue. 

McDonNELL, JOHN. Geodetic Survey of Canada, Dominion Observatory; 
Ottawa, Canada. 

McEwEN, Dr. G. F. Oceanographer, Scripps Institution for Biolog- 
ical Research, La Jolla, Cal. 

McKe vey, Dr. J. V. Instructor, Cornell University, Ithaca, N. Y. 
3 Central Avenue. 

McKinney, Prof. T. E. University of South Dakota, Vermillion, S. 
Dak. 222 North University Street. 

McManon, Prof. James. Cornell University, Ithaca, N. Y. 7 Central 
Avenue. 

McNEILL, Prof. Matcotm. Lake Forest College, Lake Forest, Ill. 

*Macavutay, Dr. F. S. The Chesters, Vicarage Road, East Sheen, Lon- 
don, S. W., England. 

MacD1L1, Lieut. Leste. Fort Hamilton Station, Brooklyn, N. Y. 

MacInnes, Asst. Prof. C. R. Princeton University, Princeton, N. J. 

MacKinnon, Dr. ANNIE L. See Fircu, Mrs. EDWARD. 

MAacLaurINn, Pres. R. C. Massachusetts Institute of Technology, Boston, 
Mass. 

Mactay, Prof. JAMES. Columbia University, New York, N. Y. 

MacMILiLaAN, Asst. Prof. W. D. University of Chicago, Chicago, Ill. 
5407 Woodlawn Avenue. 

MACNEILL, Prof. Murray. Dalhousie University, Halifax, N. S., Canada, 

MacNeisH, Dr. H. F. Instructor, Sheffield Scientific School, Yale 

University, New Haven, Conn. 352 Temple Street. 























19 


Mappison, Dr. IsaBeL. Recording Dean, Bryn Mawr College, Bryn 
Mawr, Pa. Taylor Hall. 

Maciort, Prof. Eva 8S. Ohio Northern University, Ada, Ohio. 

Manoney, J. O. High School, Dallas, Tex. 1900 Crockett Street. 

Mattsie, Dr. W. H. Attorney at Law. 728 Equitable Building, Balti- 
more, Md. 

Manning, Asso. Prof. H. P. Brown University, Providence, R. I. 

Manning, Asso. Prof. W. A. Stanford University, Palo Alto, Cal. 
1698 D Waverly Street. 

Marcu, Asst. Prof. H. W. University of Wisconsin, Madison, Wis. 
§10 North Carroll Street. 

MarkKLEy, Prof. J. L. University of Michigan, Ann Arbor, Mich. 
Geddes and Ozford Road. 

MarsHati, Asso. Prof. WinL1AM. Purdue University, Lafayette, Ind. 
University of Arizona, Tucson, Ariz. 

Martin, Dr. ArremMas. U.S. Coast and Geodetic Survey, Washington, 
D. C. 920 N Street, N. W. 

Martin, Asso. Prof. Emme N. Mount Holyoke College, South Hadley, 
Mass, 

Martin, Prof. L. A. Stevens Institute of Technology, Hoboken, N. J. 
911 Castle Point Terrace. 

*Mason, Prof. Max. University of Wisconsin, Madison, Wis. 

Mason, Dr. T. E. Instructor, Purdue University, Lafayette, Ind. 226 
South Grant Street. 

Maruews, R. M. Instructor, Polytechnic High School, Riverside, Cal. 

MeELcHER, Georce. Library Building, Kansas City, Mo. 

MENDIZABAL-TAMBORREL, Dr. JOAQUIN DE. Geographical and Military 
Engineer. Palma No. 13, Mexico City, Mexico. 

*MerrILL, Asso. Prof. HELEN A. Wellesley College, Wellesley, Mass. 

MERRIMAN, Dr. MANSFIELD. Consulting Engineer. 1071 Madison 
Avenue, New York, N. Y. 

*MerzierR, Prof. W. H. Syracuse University, Syracuse, N. Y. 760 
Comstock Avenue. 

MiKesuH, J. 8. Instructor, Harvard University, Cambridge, Mass. 1746 
Cambridge Street. 

Mus, Dr. E. J. Instructor, Sheffield Scientific School, Yale University, 
New Haven, Conn. 115 Brownell Street. 

Mittrr, E. A. 113 North Tioga Street, Ithaca, N. Y. 

Miter, Prof. F. E. Otterbein University, Westerville, Ohio. 

*MILLER, Prof. G. A. University of Illinois, Urbana, Ill. 1103 West 
Illinois Street. 

Miter, Prof. J. A. Swarthmore College, Swarthmore, Pa. 

Miser, Dr. W. L. Instructor, College of Engineering, University of 
Minnesota, Minneapolis, Minn. 

MITCHELL, Prof. B. E. Millsaps College, Jackson, Miss. 729 Fair- 

view Avenue. 
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MrrcHELL, Prof. H. B. Columbia University, New York, N. Y. 

MrrcHetL, Asst. Prof. H. H. University of Pennsylvania, Philadel- 
phia, Pa. College Hall. 

MrrcHetL, Asst. Prof. U. G. University of Kansas, Lawrence, Kan. 
1313 Massachusetts Street. 

Moopy, Prof. W. A. Bowdoin College, Brunswick, Me. 60 Federal 
Street. 

Moore, Asst. Prof. C. L. E. Massachusetts Institute of Technology, 
Boston, Mass. 

Moore, Asst. Prof. C. N. University of Cincinnati, Cincinnati, Ohio. 
3325 Burnet Avenue. 

*Moorg, Prof. E. H. University of Chicago, Chicago, Ill. 5607 Ken- 
wood Avenue. 

Moore, Dr. R. L. Instructor, University of Pennsylvania, Philadelphia, 
Pa. 5936 Washington Avenue. 

Moors, E. E. Civil Engineer. Walla Walla, Wash. 

Moreno, Asso. Prof. H. C. Stanford University, Cal. Box 894. 

Morean, Dr. F. M. Instructor, Dartmouth College, Hanover, N. H. 

Morrrz, Prof. R. E. University of Washington, Seattle, Wash. 

Morey, Prof. Frank. Johns Hopkins University, Baltimore, Md. 

Morris. Asst. Prof. C. C. Ohio State University, Columbus, Ohio. 

Morris, Prof. RicHarp. Rutgers College, New Brunswick, N. J. 94 
Easton Avenue. 

Morrison, Asso. Prof. F. M. University of Washington, Seattle, Wash. 
4626 21st Avenue, N. E. 

Morrow, E. B. Gilman Country School, Roland and Belvedere Avenues, 
Baltimore, Md. 

Movtton, Asst. Prof. E. J. Northwestern University, Evanston, Ill. 
909 Colfax Street. 

Movtton, Asso. Prof. F. R. University of Chicago, Chicago, Ill. 

MovraD, Lieut. SatrH. Third Section, First Department, Admiralty, 
Constantinople, Turkey. 

Moir, Dr. THomas. Education Office, Capetown, South Africa. 

*MuxnopaépuyAy, Dr. AsutosH. University of Calcutta, Calcutta, 
India. 77 Russa Road North, Bhowanipore. 

MuLLEN, Dr. L. B. Girls’ High School, Nostrand Avenue, Brooklyn, 
MN. @. 

Motus, G. W. Instructor, Columbia University, New York, N. Y. 

Morray, Prof. D. A. McGill University, Montreal, Canada. 

Myers, Prof. G. W. University of Chicago, Chicago, Ill. 1953 East 
72d Street. 


Nerirk, Asst. Prof. L. I. University of Washington, Seattle, Wash. 
4723 21st Avenue, N. E. 
NeEtson, Prof. A. B, Central University, Danville, Ky. 
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Newcomer, H. 8. 1529 North Broadway, Baltimore, Md. 

NewkERE, Asst. Prof. B. L. College of Engineering, University of 
Minnesota, Minneapolis, Minn. 

Newson, Dr. Mary W. (Mrs. H. B.) 1620 Massachusetts Street, 
Lawrence, Kan. 

Noste, Asso. Prof. C. A. University of California, Berkeley, Cal. 2224 
Piedmont Avenue. 

Nortucort, J. A. Instructor, Syracuse University, Syracuse, N. Y. 

Now1an, F. S. Columbia University, New York, N. Y. 547 West 123d 
Street. 

Nyserc, J. A. Instructor, University of Wisconsin, Madison, Wis. 
145 Iota Court. 


Ops, Prof. G. D. Amherst College, Amherst, Mass. 

OsBorNE, Prof. G. A. Massachusetts Institute of Technology, Boston, 
Mass. 

Oscoop, Prof. W. F. Harvard University, Cambridge, Mass. 74 Avon 
Hill Street. 

O’SHavuGHNEssy, Dr. Louis. Instructor, University of Pennsylvania, 
Philadelphia, Pa. Boz 6, College Hall. 

Owens, Dr. F. W. Instructor, Cornell University, Ithaca, N. Y. 110 
Westburne Lane. 


PAASWELL, GEORGE. Civil Engineer. 2726 Creston Avenue, New York, 
N. Y. 

Page, Prof. J. M. University of Virginia, Charlottesville, Va. 

Paine, Prof. G. P. University of Wisconsin, Madison, Wis. 

Patmer, Asso. Prof. C. I. Armour Institute of Technology, Chicago, Ill. 

Patmer, Prof. E. 8. Rollins College, Winter Park, Fla. 

Patmit, Prof. ANNA H. College for Women, Western Reserve Uni- 
versity, Cleveland, Ohio. 13223 Forest Hill Avenue, East Cleveland. 

*PartTripcE, Prof. E. A. Boys’ High School, 48th and Walnut Streets, 
Philadelphia, Pa. 

Partrerson, Dr. J. L. Chestnut Hill Academy, Chestnut Hill, Phila- 
delphia, Pa. 

ParrTiLLo, Prof. N. A. Randolph-Macon Woman’s College, Lynchburg, 
Va. 

PEDERSEN, Asst. Prof. F. M. College of the City of New York, New 
York, N. Y. 452 West 144th Street. 

Peep, Prof. M. T. Emory College, Oxford, Ga. 

Pett, Dr. ALEXANDER. South Hadley, Mass. 

Pett, Asso. Prof. ANNA J. (Mrs, ALEXANDER.) Mount Holyoke 
College, South Hadley, Mass. 

PEMBERTON, Prof. W. S. Wheaton College, Wheaton, Ill. 814 Col- 

lege Avenue. 
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Preirrer, Dr. G. A. Tutor, College of the City of New York, New 
York, N. Y. 56 Anderson Avenue, Palisade, N. J. 

Purp, Asst. Prof. MaxmmmLiaN. College of the City of New York, 
New York, N. Y. 

Puituirs, Dr. H. B. Instructor, Massachusetts Institute of Technology, 
Boston, Mass. 

PrerPont, Prof. JAMES. Yale University, New Haven, Conn. 42 
Mansfield Street. 

Prrcuer, Asst. Prof. A. D. Dartmouth College, Hanover, N. H. 

Puant, Prof. L. C. Agricultural College, East Lansing, Mich. 

PiimpTon, Dr. G. A. Ginn and Company, 70 Fifth Avenue, New York, 
m. X. 

Ponzer, Asst. Prof. E. W. Stanford University, Cal. 

Poor, Prof. C. L. Columbia University, New York, N. Y. 35 Thomas 
Street. 

Poor, Asst. Prof. J. M. Dartmouth College, Hanover, N. H. 

Poor, V. C. Instructor, University of Michigan, Ann Arbor, Mich. 
1018 Church Street. 

Porter, Prof. M. B. University of Texas, Austin, Tex. 

Posey, F. D. 409 Higgins Building, Los Angeles, Cal. 

PowELL, H. W. Tutor, College of the City of New York, New York, 
N. Y. The Apthorp, 79th Street and Broadway. 

Powers, R. E. Care of R. F. Watkins, Treasurer, Denver & Rio Grande 
R. R. Co., Denver, Colo. 

*Pupin, Prof. M. I. Columbia University, New York, N. Y. 

Putnam, Asso. Prof. T. M. University of California, Berkeley, Cal. 

. Putnam, W. L. Attorney at Law. 60 State Street, Boston, Mass. 


RaGspALe, Dr. Vireinia. Jamestown, N. C. 

Ranum, Asst. Prof. ArTHUR. Cornell University, Ithaca, N. Y. 113 
Osmun Place. 

Rasor, Prof. S. E. Ohio State University, Columbus, Ohio. 

RaywortH, J. C. Instructor, Washington University, St. Louis, Mo. 

Reaves, Prof. S. W. University of Oklahoma, Norman, Okla. 911 
East 57th Street, Chicago, Ill. 

*Reppick, Dr. H. W. Instructor, Columbia University, New York, N. 
Y. Livingston Hall. 

Rew, Prof. L. W. Haverford College, Haverford, Pa. 

Reitty, Asst. Prof. J. F. University of Iowa, Iowa City, Iowa. 624 
South Governor Street. 

REILLY, Dean Marion. Bryn Mawr College, Bryn Mawr, Pa. 

ReMIcK, Prof. B. L. Kansas State Agricultural College, Manhattan, 

Kan. 
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Reyrnotps, C. N., Jr. 10 Conant Hall, Harvard University, Cambridge, 
Mass. 

Reynoips, Asso. Prof. F. G. College of the City of New York, New 
York, N. Y. 

Rice, C. M. P. O. Box 215, Worcester, Mass. 

RicHARDSON, M. R. 618 MeMannen Street, Durham, N. C. 

*RicHarDSON, Asso. Prof. R. G. D. Brown University, Providence, R. I. 

RIcHARDSON, Miss S. F. Instructor, Vassar College, Poughkeepsie, N. Y. 

*RicoMonpD, H. W. Lecturer, Cambridge University, Cambridge, Eng- 
land. King’s College. 

Rwer, P. R. Assistant, Yale University, New Haven, Conn. 16 York 
Square. 

Rierz, Prof. H. L. University of Illinois, Urbana, Ill. 1107 West 
Oregon Street. 

Riees, Prof. N. C. Carnegie Institute of Technology, Pittsburgh, Pa. 

Ristey, Prof. W. J. James Milliken University, Decatur, Ill. 1340 
West Macon Street. 

Rossins, Dr. R. B. Instructor, Sheffield Scientific School, Yale Uni- 
versity, New Haven, Conn. 169 Park Street. 

Roserts, Prof. Marta M. Iowa State College, Ames, Iowa. 219 Ash 
Avenue. 

Rosinson, L. B. 306 East 22d Street, Baltimore, Md. 

Rog, Prof. E. D., Jr. Syracuse University, Syracuse, N. Y. 123 West 
Ostrander Avenue. 

RoE, JOSEPHINE R. (Mrs. E. D.) 123 West Ostrander Avenue, Syra- 
euse, N. Y. 

Roever, Asst. Prof. W. H. Washington University, St. Louis, Mo. 

RoosEvEtT, G. E. 30 Pine Street, New York, N. Y. 

Root, Dr. R. E. Instructor, U. 8. Naval Academy, Annapolis, Md. 99 
Market Street. 

Rorer, Dr. J. T. William Penn High School, Philadelphia, Pa. 333 
North 34th Street. 

ROSENBAUM, Dr. JOSEPH. Instructor, Rosenbaum School, New Haven, 
Conn. 660 George Street. 

ROSENBLATT, Dr. ALFRED. Docent, University of Krakau, Krakau, 
Austria. 19 Basteistrasse. 

Rorurock, Prof. D. A. Indiana University, Bloomington, Ind. 1000 
Atwater Avenue. 

Rowe, Asst. Prof. J. E. Pennsylvania State College, State College, 
Pa. 415 Pugh Street. 

RUNNING, Jun. Prof. T. R. University of Michigan, Ann Arbor, Mich. 
1019 Michigan Avenue. 

Rusk, Prof. W. J. Grinnell College, Grinnell, Iowa.. 1022 Park Street. 

RUSSELL, Asso. Prof. W. P. Pomona College, Claremont, Cal. 

RUTLEDGE, GEORGE. University of Illinois, Urbana, Ill. 902 West 

Illinois Street. 
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Sarrorp, Asst. Prof. F. H. University of Pennsylvania, Philadelphia, 
Pa. 

SanpeRson, Dr. Muprep L. Instructor, University of Wisconsin, Madi- 
son, Wis. 606 North Francis Street. 

SavurEt, Prof. P.L. College of the City of New York, New York, N. Y. 

Sayre, Prof. H. A. University of Alabama, University, Ala. 

ScarBoroueH, Prof. J. H. Missouri State Normal School, Warrens- 
burg, Mo. 

*ScHMIEDEL, Prof. Oscar. Bellevue College, Bellevue, Neb. 

ScHOTTENFELS, Miss I. M. 447 East 49th Street, Chicago, Ill. 

Scuwatt, Prof. I. J. University of Pennsylvania, Philadelphia, Pa. 

Scuwetrzer, A. R. 452 Oakdale Avenue, Chicago, IIl. 

Scorr, Prof. CHarLtotre A. Bryn Mawr College, Bryn Mawr, Pa. 2383 
Roberts Road. 

SEARLE, Rev. Dr. G. M. 660 California Street, San Francisco, Cal. 

See, Prof. T. J. J. U.S. Naval Observatory, Mare Island, Cal. 

SEELy, Miss C. E. 523 West 121st Street, New York, N. Y. 

Sécurer, Rev. Dr. J. A. M. J. DE. 114 Rue du Bac., Paris, 7e, France. 

Sevtew, Prof. G. T. Knox College, Galesburg, Ii. 

SuHarPe, Asst. Prof. F. BR. Cornell University, Ithaca, N. Y. 213 
Mitchell Street. 

Suarruck, Prof. 8. W. University of Illinois, Champaign, Il. 

Suaw, Asst. Prof. J. B. University of Illinois, Urbana, Ill. 901 
California Avenue. 

Suerrer, Dr. H. M. Instructor, University of Missouri, Columbia, Mo. 
502 Turner Avenue. 

SHELDON, Prof. E. W. University of Alberta, Edmonton South, Alberta, 
Canada. 

SHort, R. L. Principal, West Technical High School, Cleveland, Ohio. 

Suumway, Asst. Prof. R. R. University of Minnesota, Minneapolis, 
Minn. 716 Twelfth Avenue, 8. E. 

SicetorF, Asst. Prof. L. P. Columbia University, New York, N. Y. 

StiverMan, Dr. L. L. Instructor, Cornell University, Ithaca, N. Y. 

Srmpson, Asst. Prof. C. G. Pennsylvania State College, State College, 
Pa. 

Smpson, T. M. Instructor, University of Wisconsin, Madison, Wis. 
808 Breeze Terrace. 

Srmvcuair, Asso. Prof. Mary E. Oberlin College, Oberlin, Ohio. 4 
Randolph Road, Worcester, Mass. 

*Sisam, Asst. Prof. C. H. University of Illinois, Urbana, Ill. 1304 
South Orchard Street. 

Sxizzs, Asso. Prof. W. V. Georgia School of Technology, Atlanta, Ga. 

Skinner, Asso. Prof. E. B. University of Wisconsin, Madison, Wis. 

210 Lathrop Street. 
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Siaveut, Prof. H. E. University of Chicago, Chicago, Ill 45548 Ken- 
wood Avenue. 

SLEPIAN, Dr. JOSEPH. Instructor, Cornell University, Ithaca, N. Y. 134 
College Avenue. 

*Siicuter, Prof. C. 8. University of Wisconsin, Madison, Wis. 636 
Frances Street. 

Stosin, Asst. Prof. H. L. University of Minnesota, Minneapolis, Minn. 

Stocum, Prof. 8. E. University of Cincinnati, Cincinnati, Ohio. 

Sma, Dr. L. L. Instructor, University of Washington, Seattle, Wash. 
2121 East 55th Street. 

SmirH, Prof A. G. University of Iowa, Iowa City, Iowa. 

SmirH, Asso. Prof. A. W. Colgate University, Hamilton, N. Y. 

*SmirH, Asso. Prof. Cuara E, Wellesley College, Wellesley, Mass. 
Shafer Hall. 

*SmiruH, Prof. D. E. Teachers College, Columbia University, New York, 
N. Y. 

SmirH, D. M. Instructor, Georgia School of Technology, Atlanta, Ga. 

SmitTH, Asso. Prof. EDwIN R. Pennsylvania State College, State College, 
Pa. North Campus. 

SmirH, EugENE R. Headmaster, The Park School, Auchentoroly Terrace, 
Baltimore, Md. 

SmirH, F. H. Eastern District High School, Brooklyn, N. Y. 414 
West 120th Street, New York, N. Y. 

SmirH, Miss GERTRUDE. Instructor, Vassar College, Poughkeepsie, N. Y. 

SmirH, Asst. Prof. I. W. North Dakota Agricultural College, Fargo, 
N. Dak. 1126 Thirteenth Street, North. 

SmirH, Prof. J.B. Hampden Sidney College, Hampden Sidney, Va. 

SmirH, Prof. P. F. Sheffield Scientific School, Yale University, New 
Haven, Conn. 330 Willow Street. 

SmirH, Prof. Sarah E. Mount Holyoke College, South Hadley, Mass. 

SmirH, Prof. W. B. Tulane University, New Orleans, La. 

Sir, Prof. W. M. University of Oregon, Eugene, Ore.. 

SNELLING, Prof. C. M. University of Georgia, Athens, Ga. P. 0. Box 
288. 

Snook, T. E. Architect and Engineer. 261 Broadway, New York, N. Y. 

Snyper, Prof. M. B. Central High School, Philadelphia, Pa. 2402 
North Broad Street. 

Snyper, Prof. Virem. Cornell University, Ithaca, N. Y. 214 Uni- 
versity Avenue. 

Sparrow, Adj. Prof. C. M. University of Virginia, Charlottesville, Va. 

SprrzEr, Gzorce. Dairy Chemist, Purdue University Agricultural Ex- 
periment Station, Lafayette, Ind. Seventh and Waldron Streets, 
West Lafayette, Ind. 

Sracer, Prof. H. W. Fresno Junior College, Fresno, Cal. 265 Howard 

Street. 
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Stampes, Dr. A. W. State Normal School, Chico, Cal. 
*Srecker, Asso. Prof. H. F. Pennsylvania State College, State Col- 
lege, Pa. 306 Mills Street. 
STEINMETZ, Prof. C. P. Union College, Schenectady, N. Y. Chief Con- 
sulting Engineer, General Electrie Company. Wendell Avenue. 
SrépHaNnos, Prof. Cyparissos. University of Athens, Athens, Greece. 
20 Rue Solon. 

STEPHENS, Asso. Prof. R. P. University of Georgia, Athens, Ga. 

Srerson, Dr. J. M. Lecturer, University of Alberta, Edmonton South, 
Alberta, Canada. 

Stone, Prof. J. C. State Normal School, Montclair, N. J. 56 Macopin 
Avenue, Upper Montclair. 

Stone, Prof. OrmMonp. University cf Virginia, Charlottesville, Va. 
Manassas, Va. 

Stone, Asst.. Prof. R. B. Purdue University, Lafayette, Ind. 307 
Russell Street, West Lafayette. 

Stone, Asst. Prof. W. B. Rutgers College, New Brunswick, N. J. 
**The Bayard.’’ 

Story, Prof. W. E. Clark University, Worcester, Mass. 

Srourrrer, Asst. Prof. E. B. University of Kansas, Lawrence, Kan. 
308 West 16th Street. 

Srromaquist, Prof. C. E. University of Wyoming, Laramie, Wyo. 

Srrone, Dr. W. M. Associate Actuary, Mutual Life Insurance Com- 
pany, New York, N. Y. 32 Nassau Street. 

Stupy, Prof. Epuarp. University of Bonn, Bonn, Germany. Arge- 
landerstrasse 126. 

SutuivaN, Asst. Prof. C. T. McGill University, Montreal, Canada. 
Engineering Building. 

SwarTzeL, Prof. K. D. Ohio State University, Columbus, Ohio. 1952 
Iuka Avenue. 

*Swirt, Prof. Exisan. University of Vermont, Burlington, Vt. 433 
South Willard Street. 


*TaBer, Prof. Henry. Clark University, Worcester, Mass. 

*TanNner, Prof. J. H. Cornell University, Ithaca, N. Y. Cornell 
Heights. 

Tappan, Dr. ANNA H. Instructor, Iowa State College, Ames, Iowa. 
241 Hyland Avenue. 

Taylor, Dr. E. H. Eastern Illinois State Normal School, Charleston, 
Ti. 

Tay Lor, Prof. J. M. Colgate University, Hamilton, N. Y. 

THomas, Prof. Evan. College of Engineering, University of Vermont, 
Burlington, Vt. 187 Loomis Street. 

*THOMPSON, Prof. H. D. Princeton University, Princeton, N. J. 11 

Morven Street. 
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THompson, J. 8. Assistant Actuary, Mutual Life Insurance Company, 
New York, N. Y. 34 Nassau Street. 

THORNBURG, Prof. C. L. Lehigh University, South Bethlehem, Pa. 

TouTon, F. C. Principal, Central High School, St. Joseph, Mo. 13th 
and Olive Streets. 

TOWNSEND, Prof. E. J. University of Illinois, Champaign, Ill. 510 
John Street. 

Tracey, Dr. J. I. Instructor, Yale University, New Haven, Conn. 314 
Norton Street. 

Tripp, Prof. M. O. Olivet College, Olivet, Mich. 

Tyter, Prof. H. W. Massachusetts Institute of Technology, Boston, 
Mass. 


UNDERHILL, Asst. Prof. A. L. University of Minnesota, Minneapolis, 
Minn. 615 Sixth Street, 8. E. 

Upron, Asst. Prof. C. B. Teachers College, Columbia University, New 
Yoru, 1. Y. 

Urner, Asst. Prof. S. E. Miami University, Oxford, Ohio: 


Van AmrincE, Prof. J. H. Columbia University, New York, N. Y. 
48 West 59th Street. 

*Van BENSCHOTEN, Prof. ANNA L. Wells College, Aurora, N. Y. 

VaN DER HeypEN, A. F. Middlesbrough High School, Middlesbrough, 
England. 3 St. John’s Terrace. 

VaN DER Vries, Prof. J. N. University of Kansas, Lawrence, Kan. 
1644 New Hampshire Street. 

Vanpiver, H. 8S. 125 South Fifth Street, Philadelphia, Pa. 

*Van OrstraNp, C. E. Mathematical Physicist, U. S. Geological Survey, 
Washington, D. C. 1607 31st Street, N. W. 

Van Vueck, Prof. E. B. University of Wisconsin, Madison, Wis. 519 
North Pinckney Street. 

*VEBLEN, Prof. OSwALp. Princeton University, Princeton, N. J. 

Vepper, J. N. Instructor, Union College, Schenectady, N. Y. 

Vivian, Asso. Prof. R. H. Wellesley College, Wellesley, Mass. 3 
Jefferson Hall, Trinity Court, Dartmouth Street, Boston, Mass. 

Vourerra, Prof. Vrro. University of Rome, Rome, Italy. Via in 
Lucina, 17. 


WaAppdELL, Miss M. E.G. 596 Spadina Avenue, Toronto, Canada. 

Wautin, Dr. G. E. Associate, University of Illinois, Urbana, Ill. 903 
Railroad Street. 

Watpo, Prof. C. A. Washington University, St. Louis, Mo. 

Waker, Prof. B. M. Mississippi Agricultural and Mechanical Col- 
lege, Agricultural College, Miss. 

Watsa, C. B. Ethical Culture School, New York, N. Y. Hotel Mon- 

ticello, 35 West 64th Street. 








Wasusurne, A. C. Actuary, Berkshire Life Insurance Company, Pitts- 
field, Mass. 

Warkeys, Asst. Prof. C. W. University of Rochester, Rochester, N. Y. 

Wess, H. E. Central Commercial and Manual Training High School, 
Newark, N. J. 12 Irving Place, Summit, N. J. 

Wesster, Prof. A. G. Clark University, Worcester, Mass. 66 West 
Street. 

WEDDERBURN, Asst. Prof. J. H. M. Princeton University, Princeton, 
N. J. Nassau Club. 

Weeks, Miss E. A. University of Missouri, Columbia, Mo. 817 Vir- 
ginia Avenue. 

WeEKs, R. W. Vice-President and Chief Actuary, New York Life In- 
surance Company, New York, N. Y. 346 Broadway. 

Wetp, Prof. L. G. Pullman School of Manual Training, Pullman, 
Chicago, Ii. 

Wetts, Asso. Prof. Mary E. Oberlin College, Oberlin, Ohio. 20 North 
Pleasant Street. 

WELLS, Prof. WEBSTER. Massachusetts Institute of Technology, Boston, 
Mass. Hotel Beaconsfield, Brookline, Mass. 

WentTworrH, GEorcE. 187 Winthrop Road, Brookline, Mass. 

Wust, Asst. Prof. C. J. Ohio State University, Columbus, Ohio. 105 
DeWitt Place, Ithaca, N. Y. 

Wester, C. W. Instructor, University of Iowa, Iowa City, Iowa. 225 
Fairchild Street. 

*WesrerNn, Dr. A. E. 27 Pembridge Square, London, W., England. 

WestraLL, Asso. Prof. W. D. A. University of Missouri, Columbia, 
Mo. 309 Hicks Avenue. 

Westiunp, Prof. Jacos. Purdue University, Lafayette, Ind. 628 
South Street. 

WerzeL, R. A. Instructor, College of the City of New York, New York, 
N.Y. 505 West 142d Street. 

Wuire, Prof. H. 8S. Vassar College, Poughkeepsie, N. Y. 

Wuire, Asso. Prof. Marion B. Michigan State Normal College, 
Ypsilanti, Mich. 126 North Washington Street. 

Wuirrorp, Asst. Prof. E. E. College of the City of New York, New 
York, N. Y. 180 Claremont Avenue. 

Wurrney, A. W. General Manager, Workmen’s Compensation Service 
Bureau, New York, N. Y. 18 East 41st Street. 

*WuirTaKER, Prof. E. T. University of Edinburgh, Edinburgh, Scot- 
land. 35 George Square. 

*WuHirTeMoRE, J. K. Pomfret School, Pomfret Center, Conn. 

WuczynskI, Prof. E. J. University of Chicago, Chicago, Ill. 5332 
Kimbark Avenue. 

Wuey, Prof. F. B. Denison University, Granville, Ohio. 

Wiitarp, Prof. J. M. Pennsylvania State College, State College, Pa. 
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WuutusMs, Prof. C. B. Kalamazoo College, Kalamazoo, Mich. 214 
Stuart Avenue. 

Wi1aMs, Miss E. C. Miss Spence’s School, 30 West 55th Street, New 
York, N. Y. 

Wis, Prof. F, B. Clark University, Worcester, Mass, 

Wuu1ams, Prof. J. E. Virginia Polytechnic Institute, Blacksburg, Va. 

Wiis, Asst. Prof. K. P. Indiana University, Bloomington, Ind. 
405 North Indiana Avenue. 

Witiams, Prof. W. H. State Normal School, Platteville, Wis. 

WILtson, Prof. F. N. Princeton University, Princeton, N. J. P. O. 

e Boz 63. 

Witson, Asso. Prof. A. H. Haverford Coilege, Haverford, Pa. 

Wison, Asso. Prof. D. T. Case School of Applied Science, Cleveland, 
Ohio. 

Wison, Prof. E. B. Massachusetts Institute of Technology, Boston, 
Mass. 

Wison, Frof. N. R. University of Manitoba, Winnipeg, Canada. 75 
Sherbrooke Street. 

Witson, Asst. Prof. R. E. Northwestern University, Evanston, Il. 

Witson, Asst. Prof. W. A. Yale University, New Haven, Conn. 705 
Elm Street. 

Wincer, Asst. Prof. R. M. University of Oregon, Eugene, Ore. 

Wotrr, Asst. Prof. H. C. University of Wisconsin, Madison, Wis. 6 
South Prospect Avenue. 

Woop, Prof. RutrH G. Smith College, Northampton, Mass. 249 Cres- 
cent Street. 

Woops, Prof. F. 8. Massachusetts Institute of Technology, Boston, 
Mass. 

*Woopwakrb, Pres. R. 8. Carnegie Institution, Washington, D. C. 

WortuHineton, Dr. EuPHEMi1A R. Instructor, Wellesley College, Wellesley, 
Mass. 10 Waban Street. 

Wricut, W. C. Actuary. 204 Forest Street, Medford, Mass. 


Yanney, Prof. B. F. College of Wooster, Wooster, Ohio. 

Yeaton, C. H. University of Chicago, Chicago, Ill. 

Youne, Prof. A. E. Miami University, Oxford, Ohio. 

Youne, Asso. Prof. J. W. A. University of Chicago, Chitago, Ill. 
5422 Blackstone Avenue. 

Youne, Prof. J. W. Dartmouth College, Hanover, N. H. 

Youne, Dr. Maset M. Instructor, Wellesley College, Wellesley, Mass. 
6 Norfolk Terrace. 

Yowett, Dr. E. I. First Astronomer, Cincinnati Observatory, Cin- 

cinnati, Ohio. Griest and Corbett Avenues. 
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ZEHRING, Asst. Prof. W. A. Purdue University, Lafayette, Ind. 303 
Russell Street, West Lafayette, Ind. 

Zervos, Prof. Panaioris. University of Athens, Athens, Greece. Rue 
Filis, 87. 

Zrtwet, Prof. ALEXANDER. University of Michigan, Ann Arbor, Mich. 
644 South Ingalls Street. 


Number of members, January 1, 1914 
Number of members, January 1, 1915 
Members admitted during the year 1914 
Members withdrawing during the year 1914 
Number of life members 

















GEOGRAPHICAL DISTRIBUTION OF MEMBERS. 
UNITED STATES. 


ALABAMA. 


GREENSBORO. Chapman. 
University. Sayre. 


CALIFORNIA. 


BERKELEY. Bernstein, Brooks, Buck, Edwards, Haskell, Irwin, Lehmer, 
Leuschner, McDonald, Noble, T. M. Putnam. 

Cuico. Stamper. 

CLAREMONT. Brackett, Russell. 

Fresno. Stager. 

La Jouta. McEwen. 

Los ANGELES. Posey. 

Mare Istanp. See. 

OAKLAND. Ladue. 

Pato Auto. Allardice, Blichfeldt, Hoskins, W. A. Manning, Moreno, 
Ponzer. 

RIvERSDE. Mathews. 

San Francisco. Searle. 


CoLoraDo. 
BoutpEer. DeLong, Lester. 
CoLorapo Sprines. Cajori. 
DENVER. Epsteen, Powers. 
GREELEY. Halsted. 
Universiry Park. H. A. Howe. 


CoNNECTICUT. 


Buiack Haty. J. 8S. Brown. 

MippLeTowN. Camp, Howland, Lamond. 

New Haven. Barnum, E. W. Brown, T. H. Brown, Conwell, Daniels, 
I. Fisher, Leib, Light, Longley, MacNeish, Miles, Pierpont, Rider, 
Robbins, Rosenbaum, P. F. Smith, Tracey, W. A. Wilson. 

New Lonpon. Dimick. 


POMFRET CENTER. Whittemore. 
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District oF COLUMBIA. 
Wasuineron. Abbe, Cromwell, Mrs. E. B. Davis, English, Hewes, 
Hodgkins, W. D. Lambert, Landry, A. Martin, Van Orstrand, 
Woodward. 


FLORIDA. 
GAINESVILLE. Keppel. 
MuLBERRY. Cox. 
Winter Park. E. 8S. Palmer. 
GEORGIA. 


ATHENS. Snelling, Stephens. 
Attanta. F. Field, Skiles, D. M. Smith. 


Oxrorp. Peed. 
ILLINOIS. 
CHAMPAIGN. E. W. Chittenden, Crathorne, Denton, Shattuck, Town- 
send. 


CHARLESTON. F. Allen, E. H. Taylor. 

Cuicaco. Bliss, D. F. Campbell, H. E. Cobb, Dickson, Krathwohl, 
Laves, Lunn, MacMillan, E. H. Moore, F. R. Moulton, Myers, C. 
I. Palmer, Schottenfels, Schweitzer, Slaught, Weld, Wilczynski, 
Yeaton, J. W. A. Young. 

Decatur. Risley. 

Evanston. Curtiss, C. R. Dines, Holgate, E. J. Moulton, R. E. Wilson. 

GatesBure. R. M. Barton, Sellew. 

Lake Forest. MeNeill. 

La SALLE. McCormack. 

Pzoria. Comstock. 

UnpaNa. Borger, Burns, Emch, Grimes, Kempner, Lytle, G. A. 
Miller, Rietz, Rutledge, Shaw, Sisam, Wahlin. 

WHEATON. Pemberton. 


INDIANA. 


BLooMINneToN. Carmichael, Davisson, Hanna, Hennel, Rothrock, K. P. 
Williams. 

CotumBia Crry. Knisely. 

Feanguin. F. H. Hodge. 

INDIANAPOLIS. Beckett. 

LAFAYETTE. Bates, Clarke, Kenyon, Marshall, T. E. Mason, Spitzer, R. 
B. Stone, Westlund, Zehring. 

NorrE Dame. Caparo. 

STILESVILLE. Gentry. 

Terre Haute. Hathaway. 
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Iowa. 


Ames. J. T. Colpitts, Roberts, Tappan. 

GRINNELL. McClenon, Rusk. 

HiremMan. Corey. 

INDIANOLA. Emmons. 

Iowa City. R. P. Baker, J. F. Reilly, A. G. Smith, Wester. 


Kansas. 
BaLtpwin. Garrett. 
LawrENce. Ashton, Jordan, Lefschetz, U. G. Mitchell, Newson, Stouf 
fer, Van der Vries. 
McPuHeErson. Frizell. 
ManwaTrTan. Clevenger, Remick. 
ToPeKA. Harshbarger. 


KENTUCKY. 
DANVILLE. Nelson. 
LEXINGTON. Boyd, J. M. Davis. 


LOUISIANA. 
New Orteans. W. B. Smith. 


Brunswick. Moody. 
Orono. J. N. Hart. 
Wartervitte. Ashcraft, Carter. 


MARYLAND. 


ANNAPOLIS. Capron, Eells, W. W. Johnson, Root. 

Bautmmore. Bacon, Coble, Cohen, Hulburt, Lewis, Maltbie, Morley, 
Morrow, Newcomer, Robinson, Eugene R. Smith. 

Govans. Bateman. 


MASSACHUSETTS. 


Amuerst. C. W. Cobb, T. C. Esty, Olds. 

Boston. Bailey, Bartlett, G. W. Evans, Kircher, Lipka, Maclaurin, C. 
L. E. Moore, Osborne, H. B. Phillips, W. L. Putnam, Tyler, W. 
Wells, E. B. Wilson, Woods. 

BRooKLInE, H’Doubler, Wentworth. 

CaMBRIDGE. Birkhoff, Bécher, Bouton, Byerly, Coolidge, H. N. Davis, 
Dohmen, Green, Huntington, D. Jackson, Kennelly, Mikesh, Osgood, 
C. N. Reynolds. 

LoneMEaDow. Clark. 

MeEprForp. Wright. 
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NorTHAMPTON. Barney, S. R. Benedict, Wood. 

PrrrsFIELD. Washburne. 

Sout Hapitzy. E. N. Martin, A. Pell, A. J. Pell, 8. E. Smith. 

WELLESLEY. Copeland, Merrill, C. E. Smith, Vivian, Worthington, 
M. M. Young. 

WILLIAMSTOWN. Agard, Ferry, Hardy. 

Worcester. Conant, W. C. Esty, Rice, Story, Taber, Webster, F. B. 
Williams. 


MICHIGAN. 


Ann ArBor. Beman, Bradshaw, Butts, P. Field, W. B. Ford, Fort, 
Garretson, Glover, Hall, Hildebrandt, Hopkins, Hussey, Karpinski, 
Kiistermann, C. E. Love, Markley, V. C. Poor, Running, Ziwet. 

Devxorr. Escott. 

East LANSING. Plant. 

HoveHToN. Grant. 

Katamazoo. C. B. Williams. 

Outver. Tripp. 

YPsILANtTiI. Lyman, M. B. White. 


MINNESOTA. 


MrnneaPouis. Adkins, Anderson, Bauer, W. O. Beal, Brooke, Bussey, 
Dalaker, Eddy, Miser, Newkirk, Shumway, Slobin, Underhill. 
Sr. Pavut. Hartwell. 


MISSISSIPPI. 


AGRICULTURAL COLLEGE. Walker. 
Jackson. B. E. Mitchell. 


Missouri. 
ArMstTroNnG. Harvey. 
Care GiraARDEAU. B. F. Johnson. 
CotuMBIA. Ames, Defoe, Dunkel, Hedrick, Ingold, Kellogg, Sheffer, 
E. A. Weeks, Westfall. 
Kansas Crry. Luby, Melcher. 
Liperty. Fleet. 
Sr. JosEPH. Touton. 
Sr. Lovis. Ammerman, Engler, James, Rayworth, Roever, Waldo. 
SPRINGFIELD. Finkel. 
WarRENSBURG. Scarborough. 


MonrTANaA. 
MissouLa. Carey, Lennes. 
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NEBRASKA. 
BELLEVUE. Schmiedel. 
LincoLtn. Blumberg, Brenke, E. W. Davis, Engberg, Grennan. 
York. Feemster. 


NEVADA. 
Reno. Haseman. 


New HAMPSHIRE. 


Hanover. Beetle, Bill, Haskins, Morgan, Pitcher, J. M. Poor, J. W. 
Young. 


NEw JERSEY. 


HoBoKEN. Deimel, Gunther, Higley, P. Hodge, L. A. Martin. 

LAWRENCEVILLE. Durell. 

Monrciar. L. L. Jackson, J. C. Stone. 

NeEwarK. Gore, Webb. 

New Brunswick. R. Morris, W. B. Stone. 

Princeton. Adams, Alexander, Bennett, Boutroux, Castle, Dederick, 
Eisenhart, Fine, W. Gillespie, Gronwall, Hun, MacInnes, H. D. 
Thompson, Veblen, Wedderburn, Willson. 

TRENTON. Brower. 


New York. 


Avrora. Van Benschoten. 

Cuinton. Carruth, Fitch. 

CorTLAND. Cornish. 

Geneva. Durfee. 

Hamitton. A. W. Smith, J. M. Taylor. 

IrHaca. R. W. Burgess, Carver, Craig, D. C. Gillespie, Hurwitz, Hutch- 
inson, McKelvey, McMahon, E, A. Miller, Owens, Ranum, Sharpe, 
Silverman, Slepian, V. Snyder, Tanner. 

Macepon. Bullis. 

New York. J. Allen, Andrews, W. J. Berry, Bowden, Breckenridge, 
Brewster, G. A. Campbell, J. B. Chittenden, Coddington, Coffin, 
Cole, H. B. Curtis, Dennett, Edmondson, Fischer, Fiske, Fite, F. 
Franklin, Germann, Gottschall, Graham, Graves, Grove, Hawkes, 
Hayes, Henderson, Himowich, Hogrefe, Jacobus, Joffe, Kasner, 
Kells, Keyser, Koch, Linehan, Locke, MacDill, Maclay, Merri- 
man, H. B. Mitchell, Mullen, Mullins, Nowlan, Paaswell, Pedersen, 

Pfeiffer, Philip, Plimpton, C. L. Poor, Powell, Pupin, Reddick, F. G. 

Reynolds, Roosevelt, Saurel, Seely, Siceloff, D. E. Smith, F. H. 

Smith, Snook, Strong, J. 8S. Thompson, Upton, Van Amringe, Walsh, 

R. W. Weeks, Wetzel, Whitford, Whitney, E. C. Williams. 
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Onzornza. A. M. Curtis. 

PoucHKEEPsiz. Cowley, Cummings, 8. F. Richardson, G. Smith, H. 8. 
White. 

Rocuester. Betz, Cramblet, Gale, Watkeys. 

ScHENECTADY. Garrison, Steinmetz, Vedder. 

Syracuse. Biklé, Bullard, Decker, Metzler, Northcott, E. D. Roe, Mrs. 
E. D. Roe. 

West Porr. C. P. Echols. 


NortH CaRoLina. 
Cuare. Hou. Cain. 
DurHaM. M. R. Richardson. 
JAMESTOWN. Ragsdale. 


NortH DaKora. 


Farco. I. W. Smith. 
Untversiry. Hitchcock. 


OHIo. 

Apa. Maglott. 

CrncinnatI. Brand, Hancock, Hyde, Kindle, C. N. Moore, Slocum, 
Yowell, 

CLEVELAND. Focke, C. 8. Howe, R. A. Johnson, Palmié, Short, D. T. 
Wilson. 

CotumBus. Kuhn, C. C. Morris, Rasor, Swartzel, West. 

DELAWARE. Armstrong. 

Gambier. R. B. Allen. 

GRANVILLE. Wiley. 

Kent. Faught. 

Marietta. Coar. 

OBERLIN. Anderegg, Cairns, Sinclair, M. E. Wells. 

Oxrorp. Glazier, Urner, A. E. Young. 

TirFiIn. Graber. 

WESTERVILLE. F. E. Miller. 

Woostrr. Yanney. 


OKLAHOMA. 


Norman. Duval, Kent, Reaves. 
SrrLLwatTer. Gundersen. 


OREGON. 


EvcEne. De Cou, Leonard, W. M. Smith, Winger. 
Fort Stevens. Ludlow. 
PorTLaND. Frazer, Griffin. 
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PENNSYLVANIA. 

Bryn Mawr. Conner, Maddison, M. Reilly, Scott. 

CARLISLE. Landis. 

GerrysBuRG. Granville. 

HaveErForD. Reid, A. H. Wilson. 

MEADVILLE. Akers. 

PHILADELPHIA. Babb, F. W. Beal, Chambers, Crawley, 8S. J. Cunning- 
ham, H. B. Evans, G. E. Fisher, Glenn, Gummere, Hallett, Lanza, 
Linton, McClintock, H. H. Mitchell, RB. L. Moore, O'Shaughnessy, 
Partridge, Patterson, Rorer, Safford, Schwatt, M. B. Snyder, 
Vandiver. 

PitTsBuRGH. Gaba, Griffith, Groat, Hawkesworth, J. L. Jones, Riggs. 

SouTH BETHLEHEM. W. S. Franklin, P. A. Lambert, Thornburg. 

Stare CoLLeGE. Gravatt, Rowe, C. G. Simpson, Edwin R. Smith, 
Stecker, Willard. 

SwarTHMore. J. A. Miller. 

TraPre. Hiltebeitel. 

WasuinerTon. Atchison. 


RHopE ISLAND. 


Provence. E. 8. Allen, Archibald, Chace, Currier, N. F. Davis, H. P. 
Manning, R. G. D. Richardson. 


SoutH DaKora. 


Brooxrines. G. L. Brown. 
VERMILLION. McKinney. 


TENNESSEE. 


Knoxvittz. H. E. Buchanan. 
Sewanee. S. M. Barton. 


TEXAS. 


Austin. Barrow, H. Y. Benedict, Decherd, Dodd, Ettlinger, Higdon, 
Porter. 

Brownwoop. E. H. Jones. 

Datias. Mahoney. 

Houston. Daniell, G. C. Evans, Graustein, Lovett. 


VERMONT. 


Burtineron. Swift, Thomas. 
MippLEBuryY. Cresse. 
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Vircinia. 
BuacksBure. J. E. Williams. 
CHARLOTTESVILLE. W. H. Echols, Page, Sparrow. 
HamMppen Sipney. J. B. Smith. 
LyNncHBurG. Pattillo. 
Manassas. O. Stone. 
MonrerEy. Colaw. 
WASHINGTON. 

Puttman. E. C. Colpitts. 
SearTte. Altshiller, Carpenter, Gavett, Kuschke, Moritz, Morrison, 

Neikirk, Smail. 
Tacoma. Hanawalt. 
Watta Watts. Bratton, Moots. 


WEst VIRGINIA. 

Morcantown. Eiesland. 

WHEELING. Flanagan. 

WISCONSIN. 

Mapison. F. E. Allen, H. T. Burgess, Clements, Dowling, Dresden, 
W. W. Hart, March, M. Mason, Nyberg, Paine, Sanderson, T. M. 
Simpson, Skinner, Slichter, Van Vleck, Wolff. 

PLATTEVILLE. W. H. Williams. 

Port WASHINGTON. Libby. 

Srevens Port. Collins. 


Wyomine. 
LaraMigz. Fitterer, Stromquist. 


BRITISH EMPIRE. 
Great BRITAIN. 


CamBripce. A. Berry, Bromwich, Richmond. 

EpinsureH. L. R. Ford, Whittaker. 

Guiascow. Gibson. 

Lonpon. A. J. C. Cunningham, Forsyth, Greenhill, Macaulay, Western. 
MippLesBroueH. Van der Heyden. 

NeEw-CaSTLE-ON-TYNE. Hardcastle. 

Oxrorp. Elliott, Gerrans, A. E. H. Love. 


CANADA. 


EpMontTon. Killam, Sheldon, Stetson. 
FrepericTron. C. C. Jones. 
Hawrrax. Maeneill. 
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Kineston. D. Buchanan, Gummer. 

MonrTreaL. Harkness, Murray, Sullivan. 

Orrawa. Glashan, McDonnell. 

SasKaToon. L. L. Dines, Ling. 

Toronto. A. Baker, Beatty, De Lury, Fields, Findlay, Waddell. 
Winnirec. Kingston, N. R. Wilson. 


Eeypr. 
Catzo. Boulad. 
INDIA. 
Catcurra. Mukhopadhydy. 
New ZEALAND. 
Foxton. Frankland. 
SouTH AFRICA. 
CAPETOWN. Muir. 
AUSTRIA. 
Cracow. Rosenblatt. 
FRANCE. 
Paris. de Séguier. 
GERMANY. 
Bonn. Study. 
CHARLOTTENBURG. Korn. 
Frerpure. Bolza. 
Leipzig. Ackermann-Teubner. 
GREECE. 
ATHENS. Stéphanos, Zervos. 
ITALY. 
Papua. Levi-Civita. 
Rome. Volterra. 
JAPAN. 
SENpaI. Hayashi. 
MEXICO. 


Mexico City. Curjel, de Mendiz4bal-Tamborrel. 


TURKEY. 
CONSTANTINOPLE. Mourad. 











CONSTITUTION. 


ArrTicie I. 
This Society shall be called the AMERICAN MATHEMATICAL SOCIETY. 


Articie IT. 


The object of the Society shall be to encourage and maintain an 
active interest in mathematical science. 


Arricite ITT. 


The officers of the Society shall be a President, two Vice-Presi- 
dents, a Secretary, a Treasurer, a Librarian, and a Committee of 
Publication to consist of three members who at the same time may 
hold individually any of the other offices. 


Articiz IV. 


The officers of the Society, the ex-Presidents, the Editorial Com- 
mittee of the Transactions, the Secretary of the Chicago Section, and 
twelve other members of the Society shall constitute a Council, which 
shall have general charge of the affairs of the Society. 


ARTICLE V. 


1. The officers of the Society and four other members of ithe 
Council shall be elected by ballot at the Annual Meeting of each 
year. An official ballot shall be sent to each member at least one 
month prior to the Annual Meeting, and such ballots, if returned 
to the Secretary in envelopes bearing the names of the voters, shall be 
eounted at the Annual Meeting. Each such ballot shall contain a 
name proposed by the Council for each vacancy, with blank spaces in 
which the voter may substitute other names. A majority of all votes 
east in person or by mail shall be necessary to election. In case of 
failure to secure a majority for any office, the members present at the 
Annual Meeting shall choose by ballot between the two having the 
highest number of votes. The members of the Editorial Committee of 
the Transactions shall be appointed by the Council. 

2. The ex-Presidents of the Society shall be permanent members of 
the Council; the term of office otherwise shall be two years for the 
President, one year for other officers, and three years for other mem- 
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bers of the Council, and until their successors shall be elected. For 
election as President shall be eligible those members of the Society 
who have served in the office of Vice-President and who are not holding 
office as President or Vice-President; and for election as Vice-Presi- 
dent shall be eligible those members of the Society not holding office 
as President or Vice-President. No elected member of the Council, 
having completed a term of three years, shall be reélected until at least 
one year shall have intervened. 

3. If the President of the Society die or resign before the expiration 
of his term of office the Council may designate one of the Vice- 
Presidents to serve as Acting President until the next Annual Meeting, 
when a President shall be elected by the Society. Such vacancies 
as may exist at any time among the other offices may be filled by the 
Council. If any elected member of the Council die or resign more 
than one year before the expiration of his term, the vacancy for the 
unexpired term shall be filled by the Society at the next Annual Meeting. 


ArTIcLe VI. 


This Constitution shall not be amended unless notice of the proposed 
amendment be sent by mail to every member of the Society at least 
four weeks in advance of the meeting at which such amendment is 
to be considered; and such amendment in order to be adopted must 
receive two-thirds of the votes cast in person and by mail. 


BY-LAWS. 


L 


The election of new members of the Society shall be by vote of the 
Council. Application for admission shall be made by the applicant 
personally, on blanks provided by the Secretary, and shall be endorsed 
by two members of the Society. Such applications, being received at 
any meeting of the Council, shall be laid over for action at any sub- 
sequent meeting. 

IL. 


1. Persons elected by the Council, as provided in By-Law I, shall 
be admitted to membership in the Society upon the payment, within 
sixty days of the date of their election, of an initiation fee of five 
dollars. 

2. The annual dues shall be five dollars, payable on the first of Jan- 
uary. Each new member shall pay in proportion to the unexpired 
fraction of the year at the time of his election. Should the annual 
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dues of any member remain unpaid beyond a reasonable time, the 
Council shall remove his name from the list of members, after due 
notice. 

3. On the payment of fifty dollars in one sum, any member of at least 
four years standing and not in arrears of dues may become a life 
member and shall thereafter be exempt from all annual dues. 


my. 


The times and places of meetings of the Society shall be designated 
by the Council, but the Annual Meeting shall be held on a date be- 
tween the twenty-sixth and thirty-first of December, inclusive; and 
Regular Meetings shall be held on the last Saturday of February, April, 
and October, unless otherwise ordered by the Council. Notice of the 
time and place of each meeting shall be sent by the Secretary to all 
members of the Society. 

IV. 


Whenever it shall appear to the Council that a sufficient number of 
members of the Society are desirous of conducting in any locality 
periodic meetings for the reading and discussion of mathematical papers, 
the Council may authorize the formation of a Section to be composed 
at each sectional meeting of such members of -the Society as may be 
present; and the Council shall have the right to withdraw such author- 
ization. 

Vv. 

Papers intended for presentation at any meeting or sectional meet- 
ing for the Society shall be passed upon in advance of the meeting by 
@ programme commitee appointed by or under the authority of the 
Council; and only such papers shall be presented as shall have been ap- 
proved by such committee. Papers in form unsuitable for publication, 
if accepted for presentation, shall be referred to on the programme as 
preliminary communications or reports. 


VI 

1. The order of business at the meetings of the Society shall be 
as follows: 
. Reading of the minutes. 
. Recommendations and reports. 
. Elections. 
. Miscellaneous business. 
. Presentation and discussion of papers previously approved by 

the programme committee. 

2. No question relative to admistration shall be considered at any 
meeting except the Annual Meeting without the recommendation of the 
Council. 
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VIL. 


It shall be the duty of each President to deliver an address before 
the Society at the Annual Meeting at which his term of office expires. 


VIII. 


1. The President may convoke the Council whenever the affairs of the 
Society require it. 

2. A request in writing from two members of the Council shall 
render the convocation obligatory. 


Ix, 


1. The Society shall publish a periodical of critical and histor- 
ical nature called the BuLLETIN OF THE AMERICAN MATHEMATICAL 
Sociery. 

2. The BuLLETIN shall be in charge of the Committee of Publica- 
tion, which may associate with itself other members of the Society 
whose editorial assistance it may require. 


x. 


1. The Society shall publish a periodical which shall have for its 
object to make known, as widely as possible, the more important re- 
searches presented at the meetings of the Society. This periodical shall 
be called the TRANSACTIONS OF THE AMERICAN MATHEMATICAL SOCIETY. 

2. The editorial management of the TRANSACTIONS shall be entrusted 
to a committee of three editors, to be appointed by the Council. One 
editor shall be appointed annually at the April meeting, to serve for 
three years. Each editor shall begin his term of office on the first day 
of October of the year in which he is appointed. Members of the 
committee shall be eligible for reappointment. If a member of the 
commitee die or resign before the completion of his term of office, the 
vacancy shall be filled for the unexpired term by the Council. 

3. The editorial committee shall have power to elect one of its mem- 
bers as editor-in-chief; but if at any time the committee siall report 
to the Council that it has been unable to agree upon an editor-in- 
chief, the Council shall designate one of the members of the committee 
to act as editor-in-chief. The committee shall have power to associate 
with itself other members of the Society whose editorial assistance it 
may require. 

4, The TRANSACTIONS shall not be distributed free to the members 
of the Society; but members of the Society shall have the right to 
subscribe to the TRANSACTIONS at three-fourths of the advertised price. 
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xi. 


No by-law shall be enacted, amended or suspended, except by a two- 
thirds vote of the members present at a meeting of the Society, and 
upon the recommendation of the Council. 











REPORT OF THE TREASURER FOR THE YEAR 1914 
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Annual dues for 1914 

Annual dues for 1915 
Dues from new members for parts of 1913 
Dues from new members for parts of 1914 
Initiation fees for 1914 
Life membership fees 
Sale of reprints 
Sale of Evanston Colloquium Lectures 
Sale of Princeton Colloquium Lectures 
Sale of Madison Colloquium Lectures 

Sale of Bulletin 
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Bulletin (ten numbers and index vols. 11-20) 
Transactions (four numbers) 
List of Officers and Members 
Chicago Section 
San Francisco Section 
Southwestern Section 

Princeton Colloquium Lectures 
Madison Colloquium Lectures 
Salary of Clerk 
Euler Subscription 
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76.67 
200.00 
200.00 
137.02 

10.95 

4.80 

98.30 
166,05 
526.08 

1,037.49 
372.50 
216.00 
847.06 

1.87 
$16,397.53 


$ 836.23 
123.54 
175.80 
138.04 
202.61 
1,829.86 
1,724.59 
110.00 
36.17 
14.50 
36.47 
9.35 
755.92 
720.00 
193.78 
27.22 
1.70 

$ 6,935.78 








Investments (par value $8,500.00) .........e.se00- 259. 





Balance in First National Bank (Ithaca) .......... 1,202.25 $9,461.75 
$16,397.53 
The Life Membership Fund now amounts to $5,198.85. 
J. H. TANNER, 
Treasurer. 


Irnaca, N. Y., 
December 23, 1914. 


REPORT OF THE AUDITING COMMITTEE 


The undersigned Auditing Committee, appointed by the American 
Mathematical Society, have this day examined the accounts of the Treas- 
urer, compared them with the vouchers, so far as not destroyed by the 
fire in ‘the Secretary’s office, with the bank balance, and with the list 
of securities, and find the following to be correct: 





Balance from December 23, 1913 ...........ceeseceecccees $ 9,153.58 
Cash receipts since December 23, 1913 ..........-+2+eseeeee 7,243.95 
$16,397.53 
Balance in First National Bank (Ithaca) .......... $1,202.25 
Investments (par value $8,500.00) ............200. 8,259.50 
Disbursements since December 23, 1913 ..........-- 6,935.78 
$16,397.53 
H. E. Hawkes, 
W. M. Srrone, 


Auditing Commitiee. 
New York, N. Y., 
December 23, 1914. 























